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� � , � 5�� . ��� 'u}|tq�hjg�s�g 	�g�h�k\|�oru}s b h�s\g,+ b oz�gi� ~ qtu a bed ��m b h�o d u �,�,�,�,� �,� �,�,� �,� , 5 �
� � , ��9 ) b m a u d uc0~ 2u b s�g,� d ��k\q orgiojk d u{h ~ b m(& k�|�orq a |tq ~ u}s bed��*b b o 1 � �,� �,�,� �,� , 5 �
|9�'& �-K 5>3 ,NK , 8.�1# �% �� , /?2�# 	 :�#�8�/)( �x: K #�2@# o S# 5  �2�# 2 ,�� � = :A , : � �,�,� �,� , 5 .
� � � � , � d ��k\q�ojgiork d u}h���gi���k\gi� ~ qtu}qth �,� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� , 5/5
� � � � � � d ��k\q�ojgiork d u}h���gimnq .�+�u d u}|�g�|�u{h �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� , 5 �



V

� � � � . ) b m a u d uc0~ 2b gih!s>u}h�� d ��k\q�ojgiork d u}h ��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� , 5 -
� � � � 3 � d ��k\q�ojgiork d u}h ~ b m(& k\| orq a |tq ~ u}s bed g�hB�>u � u}hjg:� F �,�,�,�,�,� �,� �,�,� �,� , 9 �
� � � � 3\� , 	�g�h�k\|�oru}s b h s\g '� d gzu��x+%g d '<�b s b & '< �\q�m b s\gQ	�g�| 'be� q b gQ+ b oz�gi� ~ qtu a bed

 d u}��h 0 bed m�u}s\u �,�,� �,� �,�,� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� , 9 ,
� � � � 5 ) b m a u d uc0~ 2u b s\u}h�� d ��k\q orgpork d u}h ~ b m(&-k\|�ojq a |�q ~ u{s bed��Bb�b o 1 & b s�q87 ~ u}s b � , 9 .
� � � ��9 � d ��k\q�ojgiork d u����� ~ b m &4u}q b}d � 'k\mxg djb s�g + b �/o b h �,�,�,�,� �,� �,�,� �,� , 9+3
� � � ��9�� , )�u d u ~ ojg d '< h�ojq ~ u}h!s>u � d � k�q�orgpork d u � �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� , 9+3
� � � ��9�� � � a |tq ~ uc0~ 2u b s\g & k\| orq a |tq ~ u}s bed g�h A �	���%C��>u � u}h�g � F �,�,�,�,� �,� �,�,� �,� , 9 5
� � � ��9�� . ) b m a u d uc0~ 2u b ~ b m � d ��k\q orgiojk d ux��ojqt|�qCBzu{�\s b & k�|�orq a |tq ~ u}s bed*�Bb�b o 1 �,� �,� , 9/9
|9�'0 o , / =>K � � �,��� �,�,� �,� �,�,� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� , 9 �
� STA*U�L@�V�C+�=@A ��� �,�,� �,� �,�,� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� , 9 -
�+��� � :A �8 %  5>#$ j/ % �.89�;:< (>=  �% �� , / �,� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� ,��),
�+�'& 	 :�# ( #$3jB@�./ �@= � = :A�./ �,� �,�,� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� ,��+.
V � � � , �"m a |tgimngi��oruc0~ 2u b s b h�& k\| orq a |tq ~ u}s bed g�h A �	���%C�� b � '< yegi|<� '< h�q ~ bP�,� �,�,� �,� ,��+.
V � � � � �;$ a | bed uc0~ 2u b s\un)�u a u ~ q o{�u}� ~ q�u�s�g�)�u d�� u �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� ,��+.
V � � � . � a |tq ~ uc0~ 2u b s\g )*q d ~ k\q�o b h�� b mnu}s b}d g�h�� 7 ~ qtgi��ojg�h � �,�,�,�,�,� �,� �,�,� �,� ,�� 3
V � � � 3 &4u}��q a k\|tuc0~ 2u b s\g ) b g�7 ~ q�g��/orgih �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� ,�� 3
V � � � 5 � a |tq ~ uc0~ 2u b s b hx� a g d u}s bed g�h � d q�ojm 'gporq ~ b h A �E���%C�gim3� d ��k\q�ojgiojk d u}h mnu}q�h

) b m a |tg $�u}h ��� �,�,� �,� �,�,� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� ,�� 5
OQFr�Q�F�A ��;>=���= � �,��� �,�,� �,� �,�,� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� ,�� �
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��������	��X� � ,�� �q�hjh�q a uc0~ 2u b s\g a b oz�gi� ~ qtu-gih�o 'u{orq ~ u gim k\m qt�/yeg d h b}d )!&w��� ~ b ��.
o d�b |�u}s b acbed k�m�u a bed oru�s�g a u}hjhju � g�m(��&w��� � �,�,� �,� �,�,� �,� �WV

��������	�� � � � � �qth�hjq a uc0~ 2u b s�g a b oz�g�� ~ q�u g�h�o 'u{ojq ~ u gim k\m q���y}g d h bed�a hjgik\s b ."��&w��� � �WV
��������	�� � � .�� 	�g a\d gihjgi��oruc0~ 2u b s>u ~ bed�d gi��ojg�s\g 0 k � u d gpyeg d hru �4�,�,�,� �,� �,�,� �,� � -
��������	��X� � 3 � )�u d u ~ org d qCB�uc0~ 2u b s>u ~ bed�d gi��ojgns�g ~ k d o b . ~ q d ~ k\q�o b g�m k\m q���y}g d h bed

hjgim ~ u d�� u �>u hru '< s>u �,� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� . �
��������	�� � � 5 � � d 'uE7 ~ b s>u acb oz�g�� ~ q�u s\g ~ k d o b � bed mnu}|tq8Bzu}s\u y}g d hjk\h d u}m a uTs\g

g��/o d u}s>u�| be� u d '< ormxq ~ u �/� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� . �
��������	�� � ��9 � )�u d u ~ org d q8Bzuc0~ 2u b s>u a b oz�g�� ~ q�u s\qt�%�u}mnq ~ u:s�g,k�m�u a bed orun)!&4�,� ���,� ./.
��������	���� � ��� � d 'uE7 ~ b s>u�y}u d q�u 0~ 2u b s>u}h ~ bedjd g��/orgih@s\qt�5�u{mnq ~ u}h ~ b m ~ u a u ~ q�o{�u{� ~ qtu}h

s\g ~ u d�� u g d u}m a u}h �#� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� . 5
��������	�� � � V � �@hj��k\gim�u�s\g ~ b �/o d qtl\k�q�0~ 2u b s\g\iW^a`"bdcfe�mfn a u d u�s\q�hjhjq a uc0~ 2u b s\g a b oz�g�� ~ q�u � . 5
��������	�� � � -�� & b s\g�| b s\u}h ~ u a u ~ q�o �u}� ~ q�u}h a u d u}h�q�o�u{h�s\g,k\m�u a bed o�ux)!&w��� ��� �,� . 9
��������	�� � � , � � )�u a u ~ q�o �u}� ~ q�u�s\g�h b l d g acb h�q�0~ 2u bna u d u k\m ~ b m acb ��g��/org &w��� � �,� .E�
��������	�� � � ,+,�� � $�gim a | b s\g:u a |tq ~ uc0~ 2u b s\uxo 'g ~ �\q ~ u�h�qtm�l 'b |tq ~ u a u d unk\m(m b s\g�| b

s\g,u{o d u}h b Big d�b\� �,�,� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,�:3 ,
��������	��W� � , � � & gpo b s b | b}� q�u a u d u g�h�orq�m�u{ojq�y{u s\g 'u d gzu��%u{o d u}h b g a b oz�gi� ~ qtu s b h

~ q d ~ k\q�o b h ��� �,� �,�,� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,�:3 �
��������	�� . � ,��  'g ~ �\q ~ u}h s�g b orq�mnq8Bzuc0~ 2u b s\g a b oz�gi� ~ qtu a u d u ~ u}s>uT� '< yegi|�s\g u{l�.

h�o d uc0~ 2u b � b�� k)$ b s\g a\d�b G�gio b\� � �,�,� �,� �,�,�,�,�,� �,� �,�,� �,�:3 9
��������	�� 3\� ,�� �"|tk\h�o d uc0~ 2u b s>u{h a�d qtmxq�ojq�y{u}hBs b � '< y}g�|<u d � k�q�orgpork d u}| �,�,� �,� �,�,� �,� 5 .
��������	�� 3\� � � �;$�gim a | b s\g�g�h�o d k�ork d u}h�s�g ~ b m a u d ojqt| 1 u}mxg��/o b s�g,l\u djd u}mngi�/o b h ��� 5/5
��������	�� 3\� .�� �@hj��k\g�mnu}h�s\g�o d u}�\hjmxqth�h 2u b g d g ~ g a 0~ 2u b s\g�s>u}s b h�g�m l>u djd u{mngi��o b\� 5 �
��������	�� 3\� 3 � �;$�gim a | b s\g,u a |�q ~ u 0~ 2u b s b ~ 'b s\q �}b	�)� n	�d`"h��Wm	� b �*�,�,�,� �,� �,�,� �,� 5 V
��������	�� 3\� 5 � �;$�gim a | b s\g,u a |�q ~ u 0~ 2u b s b ~ 'b s\q �}bx�}d u;� �x� �,�,�,�,�,� �,� �,�,� �,� 5 -
��������	�� 3\��9 � �;$�gim a | b s\g,u a |�q ~ u 0~ 2u b s b ~ 'b s\q �}b	� m��gcfe �#�,�,�,�,�,� �,� �,�,� �,� 9 �
��������	�� 3\� ��� �;$�gim a | b s\g,u a |�q ~ u 0~ 2u b s b ~ 'b s\q �}b b����WhUnR`"bj`��Ah �:�,�,�,� �,� �,�,� �,� 9 ,
��������	�� 3\� V � �@h�o d k�ojk d u a u d u qtm a |tgimngi��oruc0~ 2u b s>u�o 'g ~ �\q ~ u:s\g ~ b s\q87 ~ uc0~ 2u b b����Wh��

nR`"bj`��Ah �#�,�,� �,� �,�,� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� 9 ,
��������	�� 3\� -�� �@h�o d k�ork d u a u d u qtm a |�g�mxg��/o�uc0~ 2u b s>uwo 'g ~ ��q ~ u s\g ~ b s\q%7 ~ uc0~ 2u b
� `"b

, � m�!W` cRbj`��Ah �n� �,� �,�,� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� 9 �
��������	�� 3\� , � � 	�gis\k�0~ 2u b s>unu{orq y�q�s>u}s\g�s�g ~21 uzyeg�u}mxg��/o b a g�|tu d g bed s\g��\uc0~ 2u b s>u}h

g��/o d u}s>u{h � � �,� �,�,� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� 9 5
��������	�� 3�� ,/,�� 	�g a�d g�h�g��/o�u 0~ 2u b s\g bea g d uc0~ 2b gih a u d u d gis\k�0~ 2u b s\u u{orq y�q�s>u}s\g s\g

iW^a`"bdcfeg`"hgi � � �,� �,�,� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� 9/9
��������	�� 3\� , � � ��q�|�o d�b �j��	 s\g�hjg � k\�\s>u bed s\gim ���,�,� �,� �,�,�,�,�,� �,� �,�,� �,� 9 �
��������	�� 3\� ,!.�� ��q�|�o d�b �j��	 s\g�hjg � k\�\s>u bed s\gim u a 'b h�u a |tq ~ uc0~ 2u b s\g � mRbj`$#?`"hgiAn �P�,� 9 �
��������	�� 3�� , 3 � � d ��k\q orgiojk d u a u d u}|�g�|tu a u d u b ~ q d ~ k\q�o b h b m�u}s bed . ~ b m a u d u}s bed g�$�.

g�m a | b\� �,� �,� �,�,� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� 9 V
��������	�� 3\� , 5 � � d ��k\q�ojgiork d u ,.`-,�mR^a`"h m a u d u b ~ q d ~ k�q�o b h b m�u{s bed . ~ b m a u d u}s bed g�$�.

g�m a | b\� �,� �,� �,�,� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� 9 -
��������	�� 3\� , 9 � � a |tq ~ uc0~ 2u b s�g ^ ���., � h��1�A^"^a`"hgi��>u�g�h�o d k�ork d uns\g,k\m 7>| o d�b ����	 s\g

a\d qtmxg�q d u bed s\g�m � �,� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� �),



, �

��������	�� 3\� ,�� � � a |tq ~ uc0~ 2u b s�g�o d u}��h 0 bed m�uc0~ 2u b u}| � 'g�l d q ~ u g a\d�bea u � uc0~ 2u b s\g ~ b ��.
h�oru}�/orgih�u b 7>| o d�b �j��	 s\g a\d qtmxg�q d u bed s\g�m �N�,�,�,�,� �,� �,�,� �,� �),

��������	�� 3\� , V � � a |tq ~ uc0~ 2u b s\g ,.`-,�mR^a`"h�`"hgi�u b 7\|�o d�b �j��	 s\g a\d qtmxg�q d u bed s\g�m �E� �,� � �
��������	�� 3\� ,!- � 	�g�s\k�0~ 2u b s\u ~ u a u ~ q�o{�u{� ~ qtu ~21 u y}gzu}s\u ~ b m m�u}��k�ojg���0~ 2u b s b s�gp.

hjgim a g�� 1 b\���,� �,�,� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� �+.
��������	�� 3\� �}� � 	�g�s\k�0~ 2u b s\g ~ u a u ~ q�o �u}� ~ q�u ~ b m u}k\mxg��/o b s b ~ u{mnq�� 1 b ~ d '< ojq ~ b�� � �+.
��������	�� 3\� � , � ��k\l�h�orq ork\q�0~ 2u b s\g bea g d uc0~ 2u b s�g,m:k\|�ojq a |�q ~ u 0~ 2u b acbed u{s\q�0~ 2u b\� �,� �,� � 3
��������	�� 5�� ,�� ) b �/yeg d h 2u b g��/o d g b h ~ 'b s\q �eb h � q�� 'u d q b g F '< l d q�s b\�(�,� �,� �,�,� �,� V 3
��������	�� 5�� � � )*q d ~ k\q o b h b m�u}s bed F '< l d q�s b s\g ��l\q�ojh � �,� �,�,�,�,�,� �,� �,�,� �,� V 5
��������	�� 5�� .�� )*q d ~ k\q o b m�k\| orq a |tq ~ u}s b}d F '< l d qts b s\g � l\q�ojh �P�,�,�,�,� �,� �,�,� �,� V 9
��������	�� 5�� 3 � & k\| orq a |tq ~ u}s bed �%�E���%C � qt� 'u d q b s�g 3 l\q orh ��� �,�,�,�,�,� �,� �,�,� �,� V �
��������	�� 5�� 5 � ��| �}bed q orm b�a u d u u � g d uc0~ 2u b s\g�s\q 0 g d gi�/org�hBm�k\| orq a |tq ~ u}s bed g�h � qt� 'u d q b h � V V
��������	�� 5���9 � � a g d uc0~ 2u b s\g�m�k\|�ojq a |�q ~ uc0~ 2u b s\g 3 l�q�orh!gim ~ 'b s\q �eb F '< l d qts b����,� �,� V V
��������	�� 5�� ��� � d � k�q�orgpork d uxs b m:k\|�ojq a |�q ~ u{s bed F '< l d qts b �%�	���%C�s\g 3 l\q orh � �,�,� �,� V -
��������	�� 5�� V � ��| �ebed q�ojm b a u d u � g d uc0~ 2u b s\g:m�k\|�ojq a |�q ~ u}s bed g�h F '< l d q�s b h�s\g:s�q 0 g d .

g��/orgih ~ b m a\d q�mngi��o b h!s\g a u}|tuzy d u �f�,� �,� �,�,�,�,�,� �,� �,�,� �,� - �
��������	�� 5�� - � ��u d q�u 0~ 2u b s>u acb oz�g�� ~ q�u ~ b m b � 'k\mng djb s\g acb �/o b h a u d u�m�k\|�ojq a |�q .

~ u}s bed gih�s�g , 9 l\q orh � � �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� - 9
��������	�� 5�� , � � �;$�g�m a | b s\g�k\m h b mnu}s bed F '< l d qts b s\g V l\q orh ~ b m>=@?�� ���,� �,� -E�
��������	�� 5�� ,/, � �;$�g�m a | b s�gxk�m�u m�k�|�orq a |tq ~ uc0~ 2u b s\g)V l\q�ojh�g�m ~ 'b s\q �eb � q�� 'u d q b

�>u l>u}h�g , 9��:�,� �,�,� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� , �e�
��������	�� 5 � , � � �;$�g�m a | b s\g�k\mnu�m�k\| orq a |tq ~ uc0~ 2u b s\g?V l\q orh�gim ~ 'b s\q �}b F '< l d q�s b

�>u l>u}h�g , 9��:�,� �,�,� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� , �e�
��������	�� 5�� ,!.�� � d ��k\q�ojgiork d u s\g�k\m m�k�|�orq a |tq ~ u}s bed �%�E���%C�s\g V l\q�ojh��>u l>u}hjg , 9���� , � ,
��������	�� 5�� , 3 � ��| �ebed q orm b�a u d u u � g d uc0~ 2u b s�g a u d ojq ~ q b �>u}mxg��/o b g bed s\g��\uc0~ 2u b s\g

~ b gD7 ~ qtgi�/org�h � � �,�,� �,��� �,� �,�,� �,� �,�,�,�,�,� �,� �,�,� �,� , � 9
��������	�� 5�� , 5 � ��|�k)$ b s\g�s>u}s b h�s�g,k�m�u ���5 s\g 0 u o bed ~ b m�k\mX�>u l>u}hjg � ~ b m
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�M� � � ��� + b oz�gi� ~ qtux� b}d mnu}|tq8Bzu}s>u a u d unu d ��k\q�ojgiork d u}h ,.`-,�mR^a`"h m�! �,�,� �,� , 5 ,
 %� � �
�M� � � V � + b oz�gi� ~ qtux� b}d mnu}|tq8Bzu}s>u ~ b m m�k\|�ojq a |�q ~ u}s bed g�h*�\u�l\u}hjg 3��,� �,� , 5 �
 %� � �
�M� � � -�� +5u d �u}mxgio djb h a u d uxu d ��k\q orgpork d u}h����� Ehjgi���k\gi� ~ qtu}qth �,� �,�,� �,� , 5 �
 %� � �
�M� � � , � � +5u d �u{mngpo djb h a u d u�u d ��k\q�ojgiork d u}h����� Ehjgimnq . a u d u}|�g�|�u{h �,� �,� , 5 -
 %� � �
�M� � � ,+,�� + b oz�gi� ~ qtu s>u}h�u d ��k\q orgpork d u}h����� ~ b m d g�s\k50~ 2u b s\g���	�	 �,� �,� , 5 -
 %� � �
�M� � � , � � '� d g�u a u d u,u}h�u d ��k\q orgiojk d u{h�g!y{u}| bed gih�s�g = �>u 0 b}d mnu ,.`-,�mR^a`"h m�! , 9 ,
 %� � �
�M� � � , .�� ��o d u{h b�a u d u u d ��k\q orgiojk d u{h!g�y{u}| bed g�h�s�g =(�>u 0 bed m�u ,.`-,�mR^a`"h m�! , 9 �
 %� � �
�M� � � , 3 � + b oz�gi� ~ qtu,�\u}h�u d ��k\q orgiojk d u{h�g�y{u}| b}d g�h@s�g =X�>u 0 b}d mnu ,.`-,�mR^a`"h m�! , 9 .
 %� � �
�M� � � , 5 � + b oz�gi� ~ qtu �>u}h�u d ��k\q orgpork d u}h ~ b m m:k\|�ojq a |�q ~ u{s bed gih*�>u l>u{hjg 3 � , 9 .
 %� � �
�M� � � , 9 � + b oz�gi� ~ qtu � bed mnu}|�qCBzu{s>u a bed o d u}�\h 0 b}d mnu}s>u � b h ~ q d ~ k\q�o b h!���� , 9+3
 %� � �
�M� � � ,1��� + b oz�gi� ~ qtu �>u}h�u d ��k\q orgpork d u}h�hjg�� �k\gi� ~ qtu}qth � 0 bed mnu�s\q d gioru � � �,� , 9 5
 %� � �
�M� � � , V � + b oz�gi� ~ qtu �>u}h�u d ��k\q orgpork d u}h�hjg�� �k\gi� ~ qtu}qth � 0 bed mnu,.`-,�mR^a`"h m�! � � , 9/9
 %� � �
�M� � � , - � + b oz�gi� ~ qtu ~ b m m:k\|�ojq a |�q ~ u{s bed gih �%�E���%C�g �*b�b o 1 � l>u{hjg 3 � � �,� , 9 �
 %� � �
�M� � � �{� � + b oz�gi� ~ qtu ~ b m m:k\|�ojq a |�q ~ u{s bed gih*�>u l>u{hjg 3 �\u 0 bed m�u,.`-,�mR^a`"h m�! , 9 �
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�@h�org�o d u}l>u}| 1 b ojg�m ~ b m b 0 b ~ b u�u a |�q ~ uc0~ 2u b s\g�o 'g ~ �\q ~ u}h@s�g b orq�mnq8Bzuc0~ 2u b s�g acb oz�g�� ~ q�u
� b u}| o b � '< yegi|@s\gxu}l\h�o d uc0~ 2u b�a u d u ~ q d ~ k\q o b h,)!&w���c�Mg�gim a u d orq ~ k\|�u d � b � '< y}g�|
u d ��k\q�ojgp.
ojk d u}|Gg�s�g�o d u}�\h 0 g d �gi� ~ qtu:s\g d g � qth�o d u}s bed gih � * m iW` nRbdm	� � ���WhUn��;m	� " m	�WmR^ � * � " � � �q 0 g d gi��ojg�h
u d ��k\q�ojgiork d u}h a u d u a\d�b G�gio b h:gih a g ~ '< 7 ~ b h:s\gnu}| �ebed q orm b h�s\g 7>| o djb h �5��	Yg�o d u}�\h 0 bed mnu}s>u
d 'u a qts\u�s\g � b k d qtg d � ���� ��h 2u b qtm a |tgimngi�/o�u}s>u{h�g ~ b m a u d u}s\u}h � � b l G�gporq�y b 'g�g�h�o�u}l g�|�gp.
~ g d k\mnu�mxgio b s b | be� q�uns�g a�djb G�gpo b-a u d u l>u{q%$�u acb oz�g�� ~ q�u �\gih�orgx� '< yeg�|@s�gnu{l\h�o d uc0~ 2u b\� ��h
o 'g ~ ��q ~ u{h*s\g d g�s�k�0~ 2u b s�g a b oz�gi� ~ qtu�u}l bed s>u{s>u}h
oz�g�m a bedBb l G�giojq�y b u d gis\k�0~ 2u b s>u�u{ojq�y qts\u}s\g
s\g ~21 uzyegzu{mngi��o b u{o d u y 'gih s>u}h o 'g ~ �\q ~ u}h�s\gwg�$ a | bed u 0~ 2u b u d ��k\q�ojgiork d u}|�g ~ b s\q%7 ~ uc0~ 2u b s\g
s>u{s b h � ��m s b h m 'gio b s b h,s�gnl>u{q%$�u a b oz�g�� ~ q�u�� k�gxojg�m hjq�s b |�u d�� u}mxg��/org k�ojqt|�qCBzu{s b 'gnu
~ b s\q%7 ~ u 0~ 2u b s\g�s\u}s b h a u d u�u d g�s�k�0~ 2u b s>u�u{ojq�y qts\u}s\g�s\g ~21 u y}gzu}mxg��/o b gim l>u d�d u}mxg��/o b h �
�@mf� b h�h b o d u{l>u}| 1 b � 'g�q��/yeg�h�orq � u}s b�b�a�djb ~ g�h�h b s�g ~ b s\q%7 ~ u 0~ 2u b s b h%hjq��>u}q�h a u d u�u b l�orgi��0~ 2u b
s\gnm 'b s\k\| b h u d q�ojm 'gporq ~ b h�gD7 ~ qtgi�/org�h:g�m org d m b h s�g a b oz�gi� ~ qtu ��k\g bea g d u}m s\q d gioru}mxg��/org
~ b m g�h�hjg�h ~ 'b s�q �eb h � � b l G�giorq y b � 2u b ~ b �\h�qth�org-h b mxg��/org �>u d g�s�k�0~ 2u b s>uTu orq�y q�s>u}s\g s\g
~21 uzy}gzu}mxg��/o b � b h�l>u d�d u}mxg��/o b h�s\g�s\u}s b hi� mnu}h�oru}m�l 'gim u�mxqt��qtmxqCBzu 0~ 2u b s>u ~ b m a |tg $�q .
s>u{s\g�s>u | 'be� q ~ u ~ b m�l\q��>u ~ q b �>u}|cs b h�m 'b s\k\| b h � � b h�u}| �eb}d q�ojm b hBs\g 7>| o d�b h�����	 g,���� ��>u
d g a\d g�hjgi�/o�uc0~ 2u b s b h�� 'k\mxg d�b h�gim ~ b m a |tgimngi��o b s\g�� 'g!u 0 bed m�u�mnu}q�h5k�ojqt|�qCBzu{s>u a u d u ~ b s�q .
7 ~ uc0~ 2u b s�g b}a g d u}�\s b h ~ b m hjqt�\u}| � ��g�h�org�o d u}l>u}| 1 b �\u a\d gihjg��/oru ."h�g k\mnu�� b y{u�u d ��k\q orgiojk d u
a u d u bea g d u 0~ 2b gih ~ b m hjq��>u}|���k\gxmnu}�/o 'g�m u-mxg�h�m�u d g � k\|tu d q�s>u}s\g:s\g�k\m m�k\| orq a |tq ~ u}s bed
�%�E���%C ~ b �/yegi� ~ q b �>u}| � �@hjhru�u d ��k\q�ojgiork d u a b s�g bea g d u d ~ b m � 'k�mng djb h��>u�l>u}h�g�� F � b ��k\g
a g d mnq org�u d gis\k�0~ 2u b s b � 'k\mxg d�b s\g�|tq�� 1 u}h�s�g a�djb s\k�o b h a u d ~ q�u}q�h���ojg��\s b ."h�g,s�g�h�oru 0 b}d mnu��
� u{� 1 b h�hjq � �\q%7 ~ u{ojq�y b h�g�m s\gihjg�m a g�� 1 b g d g�s\k�0~ 2u b s�g a b oz�gi� ~ qtu � �Pgih�o d u{o 'g � q�u a\d�beacb h�o�u
u a�d g�h�g��/o�u d g�h�k\|�oru}s b h,hjq � �\q%7 ~ u{ojq�y{u}mxg��/org mxg�| 1 bed g�h,g�m d gi|�uc0~ 2u b u b gih�o�u{s b s>u u d ojg � �
� g $�qtl\q�|tqts\u}s\g,s>u u d ��k\q orgpork d u a\djbea b h�o�u a g d mxq�ojg�u ~ b �\h�o d k�0~ 2u b s\g�m�k�|�orq a |tq ~ u}s bed gih ~ b m
s\q 0 g d g��/orgih�y{u}| bed g�h�s\g+= � �u}s>u�u��>u{ojk d gDBzu s b h�u}| �eb}d q�ojm b h�s�g�7>|�o djb ����	�g ���� ��c��k\g
gi��y b |�y}g�m b,a\djb s\k�o b s\g�s>u}s b h a bed u a\d�bea\d q�u}s b h ~ b g�7 ~ q�g��/orgih�� a\djb ~ k d u ."h�g�g�$ a | b}d u d�b b}d .
s\gi�>u}mxg��/o b 'b ojqtm b s\gih�orgih ~ b g�7 ~ q�g��/orgih
� b hjg��/ojqts b s\g�mxqt�\q�mnq8Bzu d<b ~ b ��hjk\m b s\g acb oz�g�� ~ q�u
s>u{h�u d ��k\q�ojgiojk d u}h!q�m a |tg�mxg��/oru}s>u}h �
� #$3�#E! :�#�/RZ % B�#E! ,�� )*q d ~ k\q�o b hn)!&w���c� ~ b ��hjk\m b s�g a b oz�g�� ~ q�u��Bu{orq y qts>u}s�g s\g ~21 u y}gzu .
mxg��/o b � ~ bed�d gi|�uc0~ 2u b org�m a bed u}| � ~ b s�q87 ~ uc0~ 2u b s\g�h�qt�>u}q�h��\g $ a | bed uc0~ 2u b u d ��k\q�ojgiojk d u}| �
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 1 g�mnu}qt� �eb u{| b 0 o 1 qth�� bed�� qth
o b q��/yeg�h�orq � u{org a b �Bg dBbea ojqtmxqCBzu orq b �:org ~21 �\qt��k\gih 0 bed
)!&w��� ~ q d ~ k\q orh�s\g�h ~ d qtl g�s u{o:u 1 q � 1 |tgpyeg�| b 0 u}l\h�o d u ~ orq b �K�%g�m a 1 u}h�qCB�q�� � o 1 gnu d ~21 q�org ~ .
ojk d u}|%u}��s d g � qth�org d o d u}�\h 0 g d � 	� ��|�giyegi|th � �q	� g d g��/o�h a g ~ q87 ~ u d ~21 q org ~ ork d g�h b 0 ����	 7>|�ojg d
u}��s ���� Eu}| �eb}d q�o 1 mxh*u d g�qtm a |tgimngi�/org�s u}�\s ~ b m a u d g�s �  1 g,mnu}q�� �eb u}| qth*o b g�h�oru}l\|�qth 1
u�mxgio 1 b s b | be� �
� 1 q ~21n~ u}�nl g�u a\a |�qtgis 0 bed@acb �Bg d�d gis\k ~ ojq b �xu{o
o 1 qth@|�giyegi| b 0 u}l\h�o d u ~ orq b � �
 1 g a b �*g d�bea orq�mnq8Bzu{ojq b � org ~21 �\q�� k�g�h o�u d�� gio:o 1 g d g�s\k ~ orq b � b 0 o 1 g h���q�o ~21 qt� � u ~ orq�y q o �
o 1 djb k � 1 u d ~21 q org ~ ork d u}|@g $ a | bed u{orq b � u}�\s s>u{oru�gi� ~ b s\q�� � ojg ~21 ��qt��k\g�h � ���\g b 0 o 1 g�ojg ~21 .
�\q���k\g�hxqt�/yegih�ojq � u{ojg�sNq��Qo 1 qth�� bed� k\h�g�h�h�q � �\u}|�g�� ~ b s\q�� �\� + b �*g d g�� ~ q�g��/o u d q�o 1 mxgiorq ~
m b s�k\|tgih�o 1 u{o b}a g d u{ojg�s\q d g ~ or| ����q o 1 s\q	� g d gi��o ~ b s\g�h��Bg d g�s\giy}g�| bea gis �  1 g b l G�g ~ ojq�y}g�qth
o�� b 0 b |�s � ��q d h�o���o b qt�/y}g�h�ojq � u org bea g d u{�\s ~ b s�g�h!o 1 u o � q�g�|ts�h�qtm a |tg d � `���m��t� acb �Bg d g�� ~ q�g��/oz�
u d q�o 1 mngporq ~ m b s\k�|tg�h � ��g ~ b �\s �\o b qt�/yegih�ojq � u{ojg�hjq � �>u}|cg�� ~ b s\q�� � h�o 1 u{o�|tg�u}s o b o 1 g d gis\k ~ .
ojq b � b 0 o 1 g,h���q�o ~21 qt� � u ~ orq y�q o � qt��o 1 g:s>u{oruxl�k\hjgih � �"�w����	 7\|�org d u}�\sw���� fu}| �ebed q o 1 mxh��
���6h ~ b m a |tgimngi�/o q�h�o 1 gxm b h�o k\hjgis]g�� ~ b s�qt� � 0 bed hjq � �\g�s bea g d u{�\s\h �  1 k\hi���Bg a\d g�hjgi�/o
u �\g���u d ~21 q org ~ ork d g 0 bed h�q � �\gis m�k\| orq a |tq ~ u{orq b � �  1 g a\d�beacb hjg�s u d ~21 q�ojg ~ ork d g m�u}q��/o�u}q��\h
o 1 g a k d g 0 bed m b 0 u}��u djd u;� m:k\|�ojq a |�qtg di�  1 q�hxu d ~21 q org ~ ork d g-qth g�$ ojg��\s\gis 0 bed�d u{s\q%$�.�� F
gi� ~ b s\qt� � ��� 1 q ~21 |tg�u}s\h�o b u d gis\k ~ ojq b � b 0 o 1 g���k\m:lcg d�b 0 a u d orq�u{|5|�qt�\gih�� gi�>u}l\|�qt� � |�u d�� g
� u{qt�\hBqt� a g d 0 b}d mnu}� ~ g�u}�\s a b �Bg d ~ b �\h�k\m a orq b � �  1 g a\d�beacb hjg�s�u a\a\djb u ~21 hjq � �\q87 ~ u}�/or| �
q�m a\d�b yeg�h!o 1 g�h�o�u org b 0 o 1 g u d o �  1 g � g $�qtl\q�|tq�o � b 0 b k d u d ~21 q�org ~ ojk d g u}|t| b ��h 0 bed o 1 g,gzu{h��
~ b �\h�o d k ~ orq b � b 0 m�k\| orq a |tqtg d h 0 b}d s�q��cg d gi�/o y{u}|�k\g�h b 0 = � �k�gxo b o 1 g ~21 u d u ~ org d qth�orq ~ h b 0
o 1 g�����	 7>|�ojg d u}��s����5 Nu}| �ebed q o 1 mxh���� 1 q ~21 qth a g d 0 bed mxg�s�l � o 1 g a\d�b s�k ~ o b 0 qt� a k�o
s>u{o�u
��q o 1 u a\a\d�bea\d q�u{ojg ~ b g�� ~ qtgi�/orh���o 1 g�l g�h�o b}d s\g d qt� � b 0 o 1 g�hjg ~ b g�� ~ q�g��/orh�qt� bed s\g d o b mxqt�\q .
mxqCBig�o 1 g a b �Bg d ~ b �\hjk\m a ojq b � b 0 o 1 gxqtm a |�g�mxg��/orgis u d ~21 q org ~ ork d g�h,qth,u}|�h b qt�/y}g�h�ojq � u org�s
q�� o 1 q�h�� bed�� �
� ,�� � �x:A2>/ � )!&w��� ~ q d ~ k\q orhi� a b �*g d ~ b ��hjk\m a orq b �K� h���q o ~21 q�� � u ~ orq�y q o �e�Gorg�m a bed u}| ~ bed .
d g�|�u orq b �K��h�q � �\u}|Kg�� ~ b s\qt� � �Gu d ~21 q org ~ ork d u}|Kg $ a | bed u{orq b � �
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� b qt� '< ~ q b s>u s 'g ~ u}s\u a u}hjhju}s>u�� b ~ b �\hjk�m b s\g a b oz�g�� ~ q�u g�m ~ q d ~ k�q�o b h�qt�/ojg �ed u}s b h
~ b mng 0~ b k u�mng d g ~ g d k\mnuxu org��50~ 2u b g�h a g ~ q�u}| � �@h�org u}h a g ~ o b s�giyegik�."h�g a\d qt� ~ q a u}|�mngi�/org�u b
h�k dj� q�mngi�/o b s\g:mnq ~ djb}a\djb ~ gihjhru{s bed gih�s\g u{|�o b s\g�h�g�m a gi� 1 b ��k\g�u a\d g�h�g��/o�uzy{u}m ~ b �\h�k\m b
s\g a b oz�gi� ~ qtu-s>u bed s�g�m s\gxs\g Big��>u{h�s\g���u{o�o��6)�F�� - 5	��� ) b m b s\gihjg��/y b |�y qtmxg��/o b s b h
~ q d ~ k\q�o b h�q���ojg �ed u}s b hi�>u}h!s\q yeg d hru{h�u a |tq ~ uc0~ 2b g�h�ojq�yeg d u}mXk\m d 'u a q�s b ~ d g�h ~ qtmxg��/o b �>g�m a u d .
ojq ~ k�|�u d�b h�g���k\q a u}mngi�/o b h acbed o 'u{ojg�q�h bea g d u}s b h acb}d l>u{ojg d q�u}h � +5u d uxg�hjh�g�h�gi� k�q a u}mxg��/o b h��
1 b k�yeg�k\mnu a�d g�h�h 2u b �>u{ojk d u{| a u d u�u d gis\k�0~ 2u b s b h5h�g�k\h ~ b ��hjk\m b h<s\g acb oz�g�� ~ q�u��{s\g 0 bed m�u!u
a g d mnq orq d k\m#u{k\mngi�/o b s b orgim a b s\g!y qts>u 'k�orq�|�s\u}h
hjk>u}h
l>u org d q�u}h � �@hjh�g�h 0 u{o b}d g�h
|�giy{u d u{m
d u a qts\u}mngi�/org!u�k\mnu�s\g�mnu}�\s>u a bed@a\d�b G�gio b h
s\g ~ q d ~ k\q o b h@q��/org �}d u}s b h@s\g�l>u}q%$�u a b oz�gi� ~ qtu �
� ~ d g�h ~ gi��ojg*s\gim�u{�\s>u acb}d g���k\q a u}mxg��/o b h a bed o 'u{orgiqth ojg�m q�� ~ d g�mxg��/o�u{s b g�h�ojk\s b h ~ u}s>u�yegDB
mnu}qthKu y{u}�50~ u}s b h%�\u 'u d gzu�s\g
g ~ b � b mxq�u�s\g a b oz�gi� ~ qtu � �
h�orgBu}h a g ~ o b g�h�o 'u�s�q d gpo�u}mxg��/ojg d g�|tu .
~ q b �>u{s b u b 0 u o b s\g�� 2u b 1 uzy}g d qt� ~ d gimngi�/o b hjq � �\q%7 ~ u{ojq�y b � b h 'k�|�orq�m b hBu{� b h�s>u gD7 ~ q��g�� ~ q�u
�>u�ojg ~ � b | be� q�u�s\g�l>u{ojg d q�u}h
�6)�F�� - 5 �\�<��� -E� � @ � - V�� � F����}�e�}��� �=F�� �{�e�/� � �

� b h 'k\| orq�m b h�u{� b h�� b ~ b ��hjk\m b s\g a b oz�g�� ~ q�uxy}g�m hjg���s b u a b �/o�u}s b ~ b m b k\m�s b h
a\d qt� ~ q a u{qth a u d �u}mngpo d�b h�gim a\d�b G�gio b h s\g ~ q d ~ k\q o b hxqt�/ojg �ed u}s b h � ��u�y}g d s>u}s\g{� b mnu}q bed
s\gihruE7 b s�qCB d g�h a g�q o b u b a�djb G�gpo b s\g k\mnu � b y{u � g d uc0~ 2u b s�g a\djb s\k�o b h���k\g ~ b ��hjk\mnu}m b
m '< �\q�m b s\g a b oz�g�� ~ q�u�� hjgim ~ b m a\djb mxgiojg d<b u}|�o b s\gihjgim a g�� 1 b s\g�h�g Gju}s b g�hjg�m a g��>u{|tqts\u}s\g
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�@h�org
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s b u}m�l�qtg��/ojg�� ��� a b hjhju ~ u{| ~ k�|�u d s\g 0 bed m�u
g�7 ~ q�g��/org b ~ b �\h�k\m b s\g a b oz�gi� ~ qtu�s b h ~ q d ~ k\q o b h a u d u�m b s\gi| b h�s�g:u{o d u}h b B�g d�b �Gk\�\q o 'u d q b
g � g�� 'g d q ~ b � b u{| �ebed q�ojm b g��/y b |�y qts b � b a\djb ~ gihjh b s\g ~ 'u}| ~ k\| b s\g acb oz�g�� ~ q�u ~ b mXhjqtm:k\|�uc0~ 2u b
h�qtm�l 'b |tq ~ u:g��/y b |�y}g:k\mnu �ed u}��s\g ~ u d�� u ~ b m a k�o�u ~ q b �>u}|�� ~ b m b hjg d 'unm b h�o d u{s b�acb h�org d q b}d .
mxg��/org � �g�h�oru 0 b}d mnu��Mu�g�h�ojqtmnu{orq y{u�s\g acb oz�g�� ~ q�u k�ojqt|tq8Bzu}��s b g�h�o�u 0 g d�d u}mxg��/o�u�hjg o bed �>u
q���y q 'u{yegi| a u d u ~ q d ~ k\q o b h�s\g m�u{q bed ~ b m a |tg $�qts>u}s�g�k�orq�|tq8Bzu}s b h��\gih�ojg�o d u}l\u}| 1 b � o�u}q�h ~ b m b
m�k�|�orq a |tq ~ u}s bed gih�� 7>|�o djb h��5��	 g����� ��>��k\g�k�orq�|tq8Bzu}m a u}|tu y d u}h!s\g�s>u}s b h�s�g , 9 l�q�orh �

�gih�oru 0 bed mnu��{g�h�o 'u�hjgi�\s b k�ojqt|tq8Bzu}s\u�u 0 g djd u}mngi�/o�u�s\g*hjqtm:k\|�uc0~ 2u b � b � '< y}g�|�s\g*o d u}�\h�q .
h�o bed g�h � � � `"b�cfe " m	�WmR^ �x`$# � ^ �Wb �'� � � " � �@s b h�qth�org�mnu���)��@��� � ���
��V - � ~ b m b�b l G�giojq�y b
s\g 0 u+Big d u�g�h�orq�m�u{ojq�y{u�s\g a b oz�gi� ~ qtu�� b h ~ q d ~ k�q�o b h@qtm a |tgimngi��oru}s b h��\g�h�org!o d u}l>u}| 1 b\� � 0 g d .
d u}mngi�/o�u����5� 'g�k\mYh�qtm�k\|tu}s bed � b � '< y}g�| s\g ~21 u y}g�h!��k\g a b s\g�h�g d k�orqt|�qCB�u}s b�a u d u hjq�m�k\|tu d
b h ~ b m a bed o�u}mxg��/o b h!| 'be� q ~ b g�orgim a bed u}|Ms\g ~ q d ~ k�q�o b h���k\g a b s\gim hjg d s�g�h ~ d q o b h�� b � '< y}g�|
s\g�o d u}�\h�qth�o bed g�h!orq acb &w���c�>� b � '< yegi|Ms\g acbed o�u}h!| 'be� q ~ u}h�g�� b � '< yegi| 0 k\� ~ q b �>u}| �

��m�u�s>u{h a\d qt� ~ q a u{qth ~ u d u ~ org d '< h�orq ~ u}h
g�$ a | bed u}s\u}hBs�g�h�oru 0 g djd u{mngi��oru,��g�h�ojg�o d u}l>u{| 1 b
'g�u�hjk\u ~ u a u ~ qts>u{s\g�s\g!hjq�m�k\|�u 0~ 2u b s�g ~ b m acbed o�u}mxg��/o b s\g ~ q d ~ k�q�o b h�orq a b &w��� ~ b m�m�u{qth
s\g ~ g�mXmnq�| o d u}�\h�qth�o bed g�h���hjg���s b s�g�h�oru 0 bed mnu y q 'u{y}g�|Ks�g�hjg d k�ojqt|�qCBzu{s>u a u d u u�g�h�orq�m�u{ojq�y{u
s>u a b oz�gi� ~ qtu m 'gis\q�u ~ b �\hjk�mnq�s>u a gi| b h ~ q d ~ k\q�o b h!qtm a |�g�mxg��/o�u}s b h��\gih�org�o d u}l>u}| 1 b\�

�gpyeg ."hjg!s�g�h�oru ~ u d ��k\g�u}| 'gimPs>u}h 0 g d�d u}mxg��/oru}h�s\g!u{� 'u}|tq�hjgBs\g a b oz�gi� ~ qtu�s\g�h ~ d q�o�u{h@u}��.
ojg d q bed mxg��/ojg}� b k�o d u}h 0 g djd u}mngi�/o�u}hi�<oru}qth ~ b m b � � � bea h ��h �6�\���%�e� � g F���+@��)�� �6&4�@ - 9 �
a b s�g d qtu}m hjg d k�ojqt|�qCBzu{s>u}h��\g�h�org:o d u}l\u}| 1 b�� �@�/o d gioru}�/o b �cs\giy qts b vu�hjq�m a |tq ~ qts>u{s\g�g a bed oru .
l\q�|tq�s>u}s\g�s>u}h 0 g d�d u}mxg��/o�u{h�s�g�h ~ d q o�u}hi� bea o b k�."h�g a g�|tu}h!hjk\u}h�k�orq�|tqCB�uc0~ 2b g�h �

�
�
� STA*U*H�;GF ��V�FW�L �AB9<CN?�A 	n;>=���=����A

� a u d ojq d s b gih�ojk\s b d g�u}|tq8Bzu}s b4a u d u g $ a | bed uc0~ 2u b s\u}h s\q 0 g d gi��ojg�hxu}| org d �>u{ojq�y{u}h�u d .
��k\q orgiojk d u{qth!�>u ~ |tu}hjh�g�s\g,u}| �eb}d q�ojm b hBs\g 7>| o d�b h�����	 g,���� �� ~ b m u a |tq ~ uc0~ 2u b s\g�o 'g ~ �\q ~ u}h
s\g�l>u{q%$�u acb oz�g�� ~ q�u��\u a\d gihjgi��oru}m ."hjg,u}h�h�g � k\q��/org�h ~ b �/o d q�l\k\q�0~ 2b gih *
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� + d�b G�gio b s�g,s�q 0 g d g��/orgih�u d ��k\q�ojgiojk d u}h�gih a g ~ '< 7 ~ u{h a u d u b h�u}| �ebed q orm b h*s�g
7\|�o d�b ����	
g����� � � qtm a |�g�mxg��/o�uc0~ 2u b s\g s\q 0 g d gi�/org�h�u d ��k\q�ojgiojk d u}h s\g ~ q d ~ k\q�o b h:q�� ~ |�k\qt��s b u
h�k>u g�$ a | bed uc0~ 2u b u d � k�q�orgpork d u}|�� ~ b ��hjqts�g d u{�\s b u}h a g ~ o b h!s�g 'u d gzu��\u{o d u}h b g ~ b �\h�k\m b
s�g a b oz�gi� ~ qtuxh�g d yeg�m ~ b m bxa u d �u}mngpo d�bna u d uxung�h ~ b | 1 uns\unmxg�| 1 bed u}|�ojg d �>u{orq y{uxu d .
��k\q orgpork d u}|Ks\gih�orgih ~ q d ~ k\q o b h a u d u s\giojg d mnq��>u}s>u}h�u a |tq ~ uc0~ 2b g�h �

� + d�b G�gio b s\g bea g d u}s bed gih�u d q�ojm 'gporq ~ b h!s\g l>u}q%$�u acb oz�g�� ~ q�u bea g d u{�\s b gim k\m ~ 'b s�q �eb
s�q 0 g d g��/org
s b�� q�� 'u d q b\� � qtm a |tgimngi��oruc0~ 2u b s\g�h�org�h bea g d u{s bed gih5m b h�o d u!��k\g 'g a b h�h '< y}g�|
u�qtm a |tgimngi�/o�uc0~ 2u b s\g bea g d u}s bed g�h�u d q orm 'giorq ~ b h b}a g d u}�\s b s\q d gioru}mngi�/org�g�mPk\m ~ 'b s�q .
�}b s\q 0 g d g��/ojgxs b � qt� 'u d q b ~ b m u{h a g ~ o b h�s\g l>u}q $�u a b oz�g�� ~ q�u�� ~ b �\h�qts\g d u}�\s b u ~ bed .
d g�|tuc0~ 2u b s b h�hjqt�\u}qth!g,u ~ u d�� u ~ u a u ~ q orq�y{u�� b h�l\u djd u}mngi�/o b h �

� + d�b G�gio b s\g ~ q d ~ k\q�o b h�m:k\|�ojq a |�q ~ u{s bed gih!g�m ~ b m a |�g�mxg��/o b s�g�� � ��u 'u d g�u�s\g ���+5�
k�m�u�s\u}h a\d q�� ~ q a u}q�h bea g d uc0~ 2b gih�g��/y b | yegxu m�k\| orq a |tq ~ uc0~ 2u b s�g bea g d u}��s b h�g�m ~ b m .
a |tg�mxg��/o b s\g�� � ��gih�org,o d u}l>u}| 1 b � u a\d g�hjgi�/o�u .�hjg�k\mnu�� b y}u�u d ��k\q orgiojk d u a u d unm�k\| .
ojq a |�q ~ uc0~ 2u b s\g bea g d u}�\s b h g�m ~ b m a |tgimngi��o b s\g-� � �@h�oru u d ��k\q orgiojk d uwmnu}�/o 'gim3u
mxg�h�m�u d g � k�|�u d qts>u}s�g�s\g�k\m m�k�|�orq a |tq ~ u}s bed �%�	���%C ~ b �/yeg�� ~ q b �>u}| ~ b m u}h a g ~ o b h�s\g
mxg�| 1 bed s\gihjgim a g�� 1 b g d g�s�k�0~ 2u b s\g acb oz�g�� ~ q�u � �@h�o�u$u d ��k\q orgpork d u a b s�g b}a g d u d
gim � 'k\mxg djb h d g a\d g�h�g��/o�u}s b h:gim ~ 'b s\q �eb-� qt� 'u d q b�b k g�m k�m ~ 'b s\q �eb s\q 0 g d g��/ojgns b
� qt� 'u d q b��

� &-gio b s b | be� qtu�s\g,u a |tq ~ uc0~ 2u b s b h bea g d u{s bed gih�s b q org�m u}�/org d q bed gim ~ q d ~ k\q o b h�y b |�oru .
s b hwvu 'u d gzu s\g a\djb ~ gihjhju}mngi�/o b s�q � q o�u}|Bs\g�hjqt�\u}qth � ��k�ojqt|tq8Bzuc0~ 2u b s b h b}a g d u}s b}d g�h
u d q�ojm 'gporq ~ b h a\d�beacb h�o b h��>u}h�s\q 0 g d gi��ojg�h�u d ��k\q�ojgiojk d u}h�s\g ~ q d ~ k\q�o b h�y b | o�u}s b h�vu 'u d gzu
s�g ���+5� 'g:s\g 0 k��\s>u}mxg��/o�u{|5q�m a bed o �u}� ~ q�u a u d u�u qts\gi��ojq87 ~ uc0~ 2u b s b a g d ~ g��/ojk>u}|�s\g
d g�s\k50~ 2u b s\g a b oz�g�� ~ q�u���k\g a b s\g-hjg d�b l�orqts b u a u d orq d s>u k�orq�|tq8Bzuc0~ 2u b s\g�h�orgih bea gp.
d u}s bed g�h �

� & u}�\q a k\|�uc0~ 2u b s�g ~ b gD7 ~ qtgi�/org�h � �u}s>u�u �\u{ork d g B�u�s b h�u{| �ebed q�ojm b h!s�g�7>|�o djb �5��	 g
���� P� k�gnu a\d gihjg��/oru}m u m�k\| orq a |tq ~ uc0~ 2u b s�gxs\u}s b h a bed ~ b �/yeg���qtg��/ojg�h ~ b gD7 ~ qtg��/ojg�h��
k�m�u�s\u}h�o 'g ~ �\q ~ u}h�k�orq�|tqCB�u}s>u a u d u d g�s�k�0~ 2u b s�g acb oz�g�� ~ q�u���g�h�ojg�h�u}| �ebed q orm b h ~ b �\hjq�h�org
�\u�mnu}�\q a k\|�u 0~ 2u b s b h ~ b gD7 ~ qtgi�/org�h5s\g*m:k\|�ojq a |�q ~ u 0~ 2u b ~ b m b h%s>u}s b h�s\g�g��/o d u}s>u a u d u
d g�s\k50~ 2u b s>u�u{orq y�q�s>u}s\g s\g ~21 uzy}gzu}mxg��/o b � b h bea g d u}s bed gih�u d q orm 'giojq ~ b h � ��g�h�org�o d u .
l\u}| 1 b �\u a |�q ~ u ."h�g�u�o 'g ~ �\q ~ u s\g bed s\g��>u 0~ 2u b s\g ~ b g�7 ~ q�g��/orgih a\d�bea b h�oru�g�m �6&4� F - 5 �
�\u}h,u d ��k\q orgiojk d u{h,s�g 7\|�o d�b ����	�gx���� Po b oru}|tmxg��/org h�g����k\g�� ~ q�u{qth � ��mnu g�$ orgi�\h 2u b
s�g�h�oru�o 'g ~ �\q ~ u 'g a\djb}acb h�o�u�� b � b h�h b o d u}l\u}| 1 b � y qthju}�\s b u}| 'gimfs>u�mxg�| 1 bed%bed s\gi�>uc0~ 2u b �
b mxg�| 1 bed5a u d ojq ~ q b �>u{mngi��o b s b h ~ b gD7 ~ qtg��/ojg�h � �
h�o�u�o 'g ~ �\q ~ u 'g!u a |tq ~ u}s>u�gim�u d ��k\q�ojgp.
ojk d u{h!s\g 7>|�o djb h�����	 g����� h�g�mxq . a u d u}|�g�|tu}h �

�
�
2 7$;��B=
U�F�qM=s�Lt�=@A ?�A 	n;>=���=����A
�fgih�o d k�ojk d u�s\g�h�org�o d u}l>u}| 1 b 'g�s\q�y q�s\qts>u�gim hjgporg ~ u a '< ojk\| b h � ��h a\d q�� ~ q a u}qth 0 u{o bed g�h

��k\gxqt� � k\g�� ~ q�u}m � b ~ b �\h�k\m b s\g acb oz�g�� ~ q�u gim ~ q d ~ k\q o b h,)!&4�,� h 2u b u a\d g�h�g��/o�u}s b h:� b
)�u a '< ork�| b � � � )�u a '< ojk\| b . u}l b}d s>u�u}h%o 'g ~ �\q ~ u}h5s�g b ojqtmxqCBzu 0~ 2u b s\g a b oz�gi� ~ qtu�� b h%s\q 0 g d gi�/org�h
� '< yegiqth@s\g�u}l\h�o d uc0~ 2u b�� � )�u a '< ork�| b 3 u}l bed s>u�u}h@o 'g ~ ��q ~ u{h�s�g b orqtmxqCB�uc0~ 2u b � b � '< y}g�|Gu d ��k\q�ojgp.
ojk d u}| � b l G�giojq�y b u}|�y b s\g�h�org o d u}l>u}| 1 b ��s\g�h�o�u ~ u}�\s b u}h o 'g ~ ��q ~ u{h � k�gwy�q�hru}m u d gis\k�0~ 2u b
s>u u orq�y q�s>u}s\g s�g ~21 uzyegzu{mngi��o b g�u{h�o 'g ~ �\q ~ u}h ��k\g k�ojqt|tq8Bzu}m o d u}�\h 0 bed mnuc0~ 2b g�h��\u gih�o d k�.
ojk d u ~ b m a k�oru ~ q b �>u}|Gs b h ~ q d ~ k�q�o b h a u d u:u{k\mngi�/o b s\g�s\g�h�g�m a gi� 1 b g d g�s�k�0~ 2u b s\u,orgi�\h 2u b
s\g u}|tq�mngi��oruc0~ 2u b a u d u d gis\k�0~ 2u b s\g a b oz�gi� ~ qtu � ��)�u a '< ork\| b 5 u a�d g�h�g��/o�u u}h o 'g ~ �\q ~ u}h�s\g
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d g�s\k�0~ 2u b s\g a b oz�gi� ~ qtu a\djb}acb h�o�u}h!��g�h�ojg�o d u}l>u}| 1 b ��u a\d gihjgi��oru}�\s bxbea g d u}s bed g�h�u d q�orm 'giojq ~ b h
��k\g bea g d u{m#s\q d gio�u{mngi��ojg ~ b m#s\q 0 g d g��/orgih*g��/o d u}s>u{h ~ b s\q%7 ~ u{s>u}h � �
h�orgih bea g d u{s bed gih*u d q�o�.
m 'giojq ~ b h,h 2u b k�ojqt|�qCBzu{s b h��>u-g�$ a | b}d uc0~ 2u b u d ��k\q�ojgiork d u}|
s\g ~ q d ~ k\q o b h a u d u a�djb ~ g�h�hru}mxg��/o b
s\q � q�oru}|�s\gxhjq��>u}q�h � � )�u a '< ork\| b�9 u a\d g�hjgi�/o�u4k\mnu�� b y}u4u d ��k\q orgiojk d u{h s\gnm�k\| orq a |tq ~ u}s bed
�%�E���%C�g�m ~ b m a |tg�mxg��/o b s\g:� � ��u d ��k\q�ojgiojk d u�m�u{��o 'g�m(u�mngihjmnu d g � k�|�u d qts>u}s�g�s\g k�m�u
u d ��k\q�ojgiork d u s\g m�k�|�orq a |tq ~ u}s bed �%�	���%C ~ b �/yegi� ~ q b �>u}| � � )�u a '< ojk\| b � u a�d g�h�g��/o�u b g�h�ork\s b
s\g ~ u}h b h ~ b m�g�$ a | bed uc0~ 2u b u d � k�q�orgpork d u}|�g�u a |tq ~ uc0~ 2u b s\gBo 'g ~ �\q ~ u}h@s\g d g�s\k�0~ 2u b s\g a b oz�gi� ~ qtu��
��k\g�qt� ~ |tk\q b h d g�h�k\|�oru}s b hBs\g�k�orqt|�qCB�uc0~ 2u b s b h bea g d u}s bed g�h�u d q�ojm 'gporq ~ b h ~ b mWgi�/o d u{s>u}h ~ b s�q .
7 ~ u}s>u}h � ��g�h�org ~ u a '< ojk\| b 'g�m b h�o d u}s b�b�d gihjk\| o�u}s b s\g�u a |�q ~ u 0~ 2b gih*s\g�o 'g ~ ��q ~ u{h!s\g d gis\k�0~ 2u b
s\g a b oz�g�� ~ q�u ~ b m3g $ a | bed uc0~ 2u b u d ��k\q�ojgiojk d u}|*u a u d ojq d s>u}h�u d � k�q�orgpork d u}h�s b h�u}| �eb}d q�ojm b h
s\g 7>|�o djb ����	fg o d u}�\h 0 bed mnu}s>u d 'u a q�s>uns�g�� b k d qtg d � ���� � � ��h a\d q�� ~ q a u}qth ~ b � ~ |�k\h 2b g�h�s b
o d u}l>u{| 1 b � lcgim ~ b m b a\d�bea b h�oru}h a u d u 0 k�ork d�b h�o d u}l>u}| 1 b h�h 2u b 7\�>u}|tmxg��/ojg u a\d g�hjgi�/o�u}s>u{h
� b )�u a '< ork�| b V �
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� � ��� �T� � � �
	 � � ���	�� �  � 	 � � �� � �  ����� ��� � �

� ~ b �\h�k\m b s\g a b oz�gi� ~ qtu 'g4k�m s b h a\d qt� ~ q a u}q�h a u d �u{mngpo djb h�� b]a�djb G�gpo b s\g ~ q d .
~ k\q�o b h s�q � q o�u}q�h � ��gih�org ~ b �/org $ o b �
u a b oz�g�� ~ q�u s�g a q ~ b 'gnk�orq�|tqCB�u}s>u ~ b m b k�m s b h a b ��.
o b hns�gwu}� 'u{|tqth�g s\u ~ b �=7Gu}l\q�|tq�s>u}s\g�s b h ~ q d ~ k�q�o b h � �@��o d gpo�u}�/o b � b 0 u{o b}d mnu}q�h ~ d '< ojq ~ b 'g
b ~ b �\hjk�m b m 'g�s\q b s\g a b oz�g�� ~ q�uws b h ~ q d ~ k\q o b h:� k�g bea g d u}m s\k d u}�/org k\m s\giojg d mnq��>u}s b
ojg�m acb �6)�F�� - 5	��� ��gih�oru a u d ojg s b o d u}l>u{| 1 b �,qt�/y}g�h�ojq � u ."hjg]u}h a\d qt� ~ q a u}q�h 0 b �/ojg�hws\g
~ b �\hjk�m b s�g acb oz�g�� ~ q�u4gim ~ q d ~ k\q o b h�)!&w��� � � ojg ~ � b | be� q�uw)!&4�,� 'g a u d ojq ~ k\|�u d mngi�/org
u}l bed s>u}s>u �\gih�org,o d u}l>u}| 1 b � a bed hjg d k�ojqt|�qCBzu{s>u��>u�m�u}q bed!a u d org�s b h a\d�b G�gio b h�s�g ~ q d ~ k\q�o b h
s\q � q�oru}qth �

�;$�qth�orgim�o d �gih 0 b ��ojg�h a\d q�� ~ q a u}q�h@s\g ~ b �\h�k\m b s\g acb oz�g�� ~ q�u�g�m ~ q d ~ k\q o b h�)!&w����g�m
bea g d uc0~ 2u b � bed m�u{| � @ ��� - 3 � * � , � ~ b �\h�k\m b s\g a b oz�gi� ~ qtu gih�o 'u orq ~ u�� ~ u}k\hru{s bwa g�|�u{h ~ bed .
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mnu+B�gi�>u}s>u � b ~ u a u ~ q�o b}d s\g ~ u d�� u��Mg�mngpo�u}s�g s>u g��\g dj� qtu 'g�s\q�hjh�q a u}s\u �>u d g�s\gx+�&w��� �
+5u d u k\mnu o d u}��hjq�0~ 2u b ��	�	 �N� �>u hru '< s>u����\g�� 1 k\mnu ~ u dj� u 'g s d g��>u{s>uQs\u 0 b �/ojg s�gTu}| .
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�Y�5q � k d u�� � � m b h�o d u ��k\gxu ~ b m acb ��g��/org�s\q��5�u}mxq ~ un� bed mnu}|�qCBzu{s>u 'g�|tq��\gzu d mngi�/org
a\d�bea bed ~ q b �>u{|:vu ~ u a u ~ q o{�u}� ~ q�u s\g ~ u d�� u ��� g u�g $�o d u a b |tuc0~ 2u b a u d u ��� ?�� 'g-h b mxg��/org
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u a |tq ~ u}s b �1���<� - 5 � �
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1

geração de glitches propagação de glitches
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h�qt�>u}q�h�s�g�g��/o d u}s>u�h 2u b 0 bed �\g ~ qts b h�ungih�o�u 0 g djd u}mngi�/o�u u ~ bea |tu}s>u�u b u}m�l\q�g��/org������c� b �\s\g
h 2u b u}hjh b ~ q�u}s b h b h�s>u}s b h!s�g u orq�y q�s>u}s\gih:vu�k�m�u�l\q�l\|tq b org ~ u:s�g�y{u}| bed gih!s\g ~ u a u ~ q o{�u}� ~ q�u}h �

� ~ b �\hjk\m b s\g a b oz�gi� ~ qtu�s b h ~ q d ~ k\q o b h 'g b l�orq�s b �>u 0 g djd u}mngi�/o�u ,����{m	� mfnRb�`$#B�Wb�m5s b
u}m:l\qtgi��ojg������c� s\g�u ~ b}d s b ~ b m u �@��k>uc0~ 2u b � � , V � ��h�y}u{| bed g�h�s\g a b oz�g�� ~ q�u g�� ~ b �/o d u}s b h
|�giy{u}m gim ~ b �\hjq�s\g d uc0~ 2u b y{u}| b}d g�h s�g ojg��\h 2u b g 0 d g���kK�gi� ~ qtuQs\g 5 � g��}�/&�F B d gih a g ~ ojq .
y{u}mxg��/org � ��| 'g�m3s\qth�o b �Bs\g�h�s\g4��k\g � 2u b hjg Gju{m 0 bed �\g ~ q�s b h b h�y}u{| bed g�h�s\g u{orq y�q�s>u}s\g{�*u
0 g djd u{mngi��oruwu}h�hjk\mxg k\mnu4s\q�h�o d qtl\k�q�0~ 2u b k\��q 0 bed mngns>u}h�gi��o d u}s\u}h ~ b m a\d�b l>u}l�qt|tq�s>u}s\g�s\g
~21 uzy}gzu}mxg��/o b q � k\u}|Kux��� 5 a u d u�o b s b h b h�� 'b h�s b h ~ q d ~ k�q�o b h �

&+�76@� & � 8?S#$3j �/ , 2 , � �x�NM, 8 %  4# � �.8�/; j2 , :�#�8>2@� ������� � 	����

��| � k�m�u}h%o 'g ~ �\q ~ u}h@s\g�gih�orq�m�u orq�y{u�s\g acb oz�g�� ~ q�u�� b � '< yegi|\| 'be� q ~ b ~ b �\h�qts\g d u}m b g 0 g�q o b
s\gsiW^a`"bdcfe�mfn�� b h ~ q d ~ k\q o b h�u a u d orq d s\g�hjqtm:k\|�uc0~ 2u b a\d�b l>u}l\q�| '< h�orq ~ u��  ���� -/. �G���� - V ��� ��| .
� k��\h�s\gih�orgih@m 'gpo b s b h ~ b �\h�qts\g d u}m b g 0 giq�o b s\g ~ bedjd g�|�u 0~ 2u b org�m a bed u}| g��/o d g�u}h5g��/o d u}s>u}h@s b
~ q d ~ k\q�o b �Gm b h�o d u}�\s b k\m�unm�u}q bed�a\d g ~ q�h 2u b � b h d gihjk\| o�u}s b h � �@�/o d gioru}�/o b �Kgih�ojg d gihjk\| o�u}s b
'g b l�ojqts b u b ~ k\h�o b s�g,k�m�u mnu}q bed ~ u d�� u ~ b m a k�oru ~ q b �>u}| �

� m 'gio b s b s\g,g�h�orq�m�u{ojq�y{u s\g a b oz�g�� ~ q�unk�orqt|�qCB�u}s>u�� b u}m�l\q�g��/org:����� 'g l>u}hjg�u}s b g�m
k\mnu:o 'g ~ �\q ~ u s\g�h�qtm�k\|tuc0~ 2u b hjq�m�l 'b |�q ~ u � k�g 0 b q qt��q ~ qtu}|tmxg��/ojg�u a�d g�h�g��/o�u{s>ungim �6� F�� - � � �
� b u}m:l\qtgi��ojg-�����c� 'g-k�orq�|tqCB�u}s b k�m m b s\g�| b s\g-u{o d u}h b y{u d q 'u{yegi| a u d u�u | 'be� q ~ u ~ b m�l�q .
�>u ~ q b �>u}|�� b m 'gpo b s b s\g4h�qtm�k�|�uc0~ 2u b hjq�m�l 'b |�q ~ u�����k\g ~ b m a k�oru�u{h ~ b �\s\q�0~ 2b gih � ���A^ m��Wh �An
��k\g ~ u{k\hru}m iW^a`"b�cfe�mfn � b ~ q d ~ k\q�o b\� +5u d u ~ u{s>u acbed o�uw| 'be� q ~ u4� b ~ q d ~ k\q�o b �
u hjqtm:k\|�uc0~ 2u b
h�qtm�l 'b |tq ~ u a\djb s\kABnk\m ~ b �HG�k\�/o b s�g 0 k\��0~ 2b g�h � ���A^ m��Wh �An���k\g d g a�d g�h�g��/o�u{m3u}h ~ b �\s\q�0~ 2b g�h
a u d u ~21 uzyeg�u}mxg��/o b g�m s�q 0 g d g��/orgih acb �/o b h!� b orgim a b\� �g�h�o�u 0 bed m�u���orgi�\s b .�hjg,u�o�uH$�u�s\g
~21 uzy}gzu}mxg��/o b �>u{h�g��/o d u}s>u}h�s b ~ q d ~ k\q�o b � a b s\gp.�hjg ~ u}| ~ k\|�u d u a\d�b l>u}l�qt|tq�s>u}s\g,s\g ~21 u y}gzu .
mxg��/o b s\g ~ u{s>u a bed o�u�| 'be� q ~ u�� b ~ q d ~ k\q�o b gim(u}| � k\m q��\h�oru}�/org�s\g�org�m a bxa u d ojq ~ k�|�u di� ��h
y{u}| bed gihns\gih�oru}h a\d�b l>u}l�qt|tq�s>u}s\gih�h 2u b h b mnu}s b hng�m o b s>u}hnu}h acb}d o�u{h�s b ~ q d ~ k\q o b s\g oru}|
0 bed m�u u:hjg b l�org d u u{ojq�y qts>u{s\g�s�g ~21 uzyeg�u}mngi�/o b g�mWo b s b h b h acb ��o b h���k\g ~ bedjd g�h acb ��s\g�m
u k\m ~ q ~ | b s\g d gi| 'be� q b\�

� b�a\djb ~ gihjh b s\g
k�orq�|tq8Bzuc0~ 2u b s>u!o 'g ~ �\q ~ u!hjq�m�l 'b |�q ~ u�� 'g ~ b �\h�o d k '< s>u!k\mnu d g�s�gBh�qtm�l 'b |tq ~ u
u a u d ojq d s>u:h�qtm�k\|tuc0~ 2u b s b ~ q d ~ k\q o b | 'be� q ~ b�bed q � q��>u}| � ��mnu d g�s\g�hjq�m�l 'b |�q ~ u d g a\d gihjgi��oru�k\m
~ q d ~ k\q�o b | 'be� q ~ b � k�g
ojg�m u}h ~ b �\s�q�0~ 2b g�h � ���A^ m��Wh �An a u d u!o b s b h b hKy{u}| b}d g�hM��k\g ~ u}s>u acbed o�u��>u
d g�s\g b}d q � qt�>u}| a b s�g�u}h�hjk\mxq d g�mWs\q 0 g d g��/ojg�h!qt��h�o�u{��ojg�h�s�g�org�m a b ��s\u}s b k\mWs\giojg d mnq��>u}s b
a u d s\g�yegio bed gih�s�g,gi�/o d u{s>u �

� g 'g�k�orqt|�qCB�u}s b k\mXm b s\g�| b s\g�u{o d u}h b B�g d�b � ~ u}s>u a bed o�u:� b ~ q d ~ k\q o b,acb s\g�h b mxg��/org
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��������	��P� � ,/, � �;$�g�m a | b s\g,u a |tq ~ uc0~ 2u b s>u�o 'g ~ �\q ~ uxh�qtm�l 'b |tq ~ u a u d u k\m m b s�g�| b s�g
u o d u{h b B�g d�b\�

u}h�hjk\mxq d s b q�h�y{u}| bed g�h�s�q 0 g d g��/orgih ~ bed�d gih a b �\s\gi�\s b u ~ u}s\u y}gio bed s\g�gi��o d u}s\u � +5u d u gih�org
~ u}h b �Bu d gis\g�hjqtm:l 'b |tq ~ u ~ bed�d g�h acb �\s\g u s�k>u}h ~ 'b}a q�u}h s b ~ q d ~ k\q o b bed q � q��>u}|���hjg���s b k�m�u
~ 'bea q�u k�orqt|�qCB�u}s>u a u d u b a\d q�mngiq d�b yegpo bed s\g�g��/o d u}s>u{h,g�u h�g � k\��s>u ~ 'bea q�u k�orqt|�qCB�u}s>u ~ b m
b hjg � k\�\s b y}gio b}d s\g:gi�/o d u{s>u}h � ����q � k d u�� � ,/, � u �!m b h�o d unk\m(g�$�gim a | b s\g k\m ~ q d ~ k\q o b
a u d u�hjqtm:k\|�uc0~ 2u b hjq�m�l 'b |�q ~ u�g�u,��q � k d u,� � ,/, � l
�@m b h�o d u,u d g�s�g�hjq�m�l 'b |�q ~ u ~ bed�d g�h acb �\s\g��/ojg
a u d u k\m m b s�g�| b s�g u o d u{h b B�g djb � &w��� - 9	���

) b m b�a b s\g�h�g d!b l\h�g d y}u{s b �>u ��q � k d u:� � ,/, � l
�p��u}| 'gimXs>u{h�s\k>u}h ~ 'bea qtu}h�s b ~ q d ~ k\q o b
bed q � q��>u}|{s>u���q � k d u�� � ,/, � u �Kh 2u b k�orq�|tq8Bzu}s>u{h acbed o�u}h��������xg�m ~ u}s\u a u d s\gB� 'b h � �$hju '< s\u�s\g
k\mnu:s\gih�oru}h acbed o�u}h*g�m � '< yegi|K| 'b}� q ~ b , qt��s\q ~ u:��k\g a u d u�gih�ojg a u d s\g�y}gio b}d g�h!s�g�g��/o d u}s>u��
b ~ bed�d gih a b �\s\gi��ojg4� 'b � b ~ q d ~ k�q�o b bed q � q��>u}|Bg 0 giojk>u�k�m�u o d u}�\hjq�0~ 2u b�� ��hngi�/o d u{s>u}h � � � �
g � � � � ~ bed�d g�h acb �\s\g�m u bwa�d qtmxg�q djb yegpo bed s�g g��/o d u}s>u4g � � o ��g � � o � u b hjg � k\�\s b\� ��g u
hju '< s>u m��� a bed g�$�g�m a | b �Gu}hjh�k\mng�y{u}| b}d | 'be� q ~ b , �>gi�/o 2u bnb h�qt�>u}|{c�� b ~ q d ~ k\q o b�bed q � qt�\u}| s>u
��q � k d u�� � ,/, � u � 0 u d 'u�k\mnu�o d u}�\h�q�0~ 2u b�a u d u b�a u d s\g�yegpo bed g�h
u a |�q ~ u}s b\� � mngihjm b�a\djb ~ gihjh b
'g d g a gporq�s b�a u d u�u}h�hju '< s>u{hYm�� � m ��g m 	 �

+5u d u b ~ u{h b s\g m b s\g�| b hxs\g u{o d u}h b h�k\��q�o 'u d q b g � g�� 'g d q ~ b � b h � 'b h�s\g4hru '< s>u�s>u
a bed oru s\g�k\m�u d g�s\g�m�k\| orq�� '< y}g�| a b s\g�m u a\d gihjg��/oru d m 'k\|�ojq a |tu}h
o d u{�\hjq�0~ 2b gih�gim d gih a b h�orunu
k\mnu�hjg�� �kK�gi� ~ qtu:s\g�gi�/o d u{s>u:s\g�s b qth
yegpo bed g�h � �@m �6&w��� - 9 � 'g�u a\d g�h�g��/o�u}s b b u}| �}bed q orm b
s\g�h�qtm�k�|�uc0~ 2u b hjq�m�l 'b |�q ~ u:g d gihjk\| o�u}s b h!s\g�g�h�ojqtmnu{orq y{u:s\g a b oz�gi� ~ qtu ~ b �\h�qts\g d u}�\s b u o d u{h b h
Big djb �>k\�\q�o 'u d q b g � g�� 'g d q ~ b�a u d uxs�q 0 g d g��/orgih ~ q d ~ k\q o b h �

) b m b a b s�g,h�g d�b l\h�g d y}u{s b �>g�m:l bed u�� b u}m�l\q�g��/org,����� hjg Gju a b h�h '< y}g�|<u g�h�orq�m�u{ojq�y{u
s\g acb oz�g�� ~ q�u-s b h ~ q d ~ k\q o b h ~ b �\hjq�s\g d u}�\s b s�q 0 g d g��/orgih:m b s�g�| b h s\g�u{o d u}h b ��s\gxo�u}| 0 bed m�u
��k\g b h!g 0 g�q o b h�s�g iW^a`"b�cfeg`"hgi a b hjhju}m h�g d uzy{u}|tqtu}s b hi�\u�k�ojqt|tq8Bzuc0~ 2u b s�g�hjqtm:k\|�uc0~ 2u b h�qtm�l 'b |tq ~ u
gim h�g�k u}| �ebed q�orm b s\g h�qtm�k�|�uc0~ 2u b d g���k\g d ~ 'bea q�u s b ~ q d ~ k\q�o b4bed q � q��>u}| a u d u ��k\g u{h:s\q 0 gp.
d g��/orgih�o d u}��hjq�0~ 2b g�h*� b ~ q d ~ k\q o b�b}d q � qt�>u}| a b hjhju}m h�g d uzy{u}|tqtu}s>u}hB� b orgim a b\� +5u d u ~ q d ~ k\q�o b h
mnu}q b}d g�h5orq a b m�k\| orq a |tq ~ u}s b}d g�h5g�7>|�o djb h
s\q � q�oru}qth5� k�g�h 2u b qtm a |tgimngi��oru}s b h��\g�h�org�o d u{l>u}| 1 b �
gih�o�uxo 'g ~ �\q ~ u d gi� k�g d k\mnu �ed u}�\s\g ~ u d�� u�gim�ojg d m b h�s\g�mxg�m 'bed qtu��Gqt�/y q�u}l�qt|tq8Bzu}��s b u�hjk>u
k�ojqt|�qCBzu 0~ 2u b�a u d u�u g�h�orqtmnu{ojq�y{u:s\g acb oz�g�� ~ q�u �
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�gpy qts b vu �}d u}�\s�g ~ u dj� u ~ b m a k�o�u ~ q b �>u{| b l\h�g d y{u}s\u ~ b m u k�ojqt|tq8Bzuc0~ 2u b s>u 0 g djd u .

mxg��/o�u�,����{m	� mfnRbj`$#B�Wbdm a u d u-u-gih�ojqtmnu{orq y}u s�g a b oz�gi� ~ qtu-s b h ~ q d ~ k\q o b h�k�ojqt|�qCBzu{s b h��\gih�org
o d u}l>u{| 1 b �Bk�orq�|tq8Bzu .�hjg g��/o 2u b]b u{m�l\qtgi�/org4����� a u d u�g 0 g�q�o b hxs\g4h '< �/orgihjg4g hjq�m�k\|�u 0~ 2u b s b h
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~ q d ~ k\q�o b h��cu}| 'g�m(s\g ~ 'u}| ~ k\| b h�s\g 'u d g�u�g u{o d u}h b\� �@�/o d gio�u{��o b � a u d u u�gih�ojqtmnu{orq y}u�s b ~ b ��.
h�k\m b s\g a b oz�gi� ~ qtu-s b h ~ q d ~ k\q o b hi�%k�orqt|�qCB�u ."h�g�k\mnu 0 g djd u}mngi�/o�u�� b � '< yegi|
s\gxo d u}��hjqth�o bed g�h
���%� �6�,�
� V - ��� �gih�o�u 0 bed mnu�� b h ~ q d ~ k\q�o b h*| 'be� q ~ b h�s\g�h ~ d q o b h*g�m 0 bed mnu{o b:� �M���]s b u}m .
l\q�g��/org������ h 2u b ~ b �/yeg d ojqts b h a u d u b 0 bed mnu{o b s>u 0 g d�d u}mxg��/oruw���%�c� ~ b � 0 bed mxg�m b h�o d u b
� k $ b s>u���q � k d u�� � , � �

AMBIENTE  SIS
simulação e síntese lógica

estimação de área,
estimação de atraso

Descrição Circuito
Formato BLIF

Conversão de Formatos
BLIF --> SLS

FERRAMENTA SLS
estimação de potência

Geração vetores de entrada
Formato SLS

�5���,��	�� � � , � � & gio b s b | be� q�u a u d u g�h�orqtmnu{ojq�y{u�s\g 'u d g�u��>u{o d u}h b g a b oz�g�� ~ q�u s b h
~ q d ~ k\q o b h �

) b m b,acb s\g�hjg dBb l�hjg d y{u}s b�a g�|tu ��q � k d u � � , � � b h
y{u}| b}d g�h
s\g 'u d g�u g�u{o d u}h b s b h ~ q d .
~ k\q�o b h�h 2u bxb l�orq�s b h!� b u}m:l\qtgi��ojg,����� � ��h�y{u}| b}d g�h*s\g 'u d g�u�h 2u b u a\d g�h�g��/o�u}s b h�gimXojg d m b h
s b � 'k\mng djb s\g�|�q�org d u}q�h�� b �\s�g , |tq org d u}| ~ bedjd g�h a b �\s�g�u a\d�b $�q�m�u}s\u}mngi�/org�u���o d u}�\h�qth�o bed gih �
��h y{u}| bed gih s�g u{o d u}h b h 2u bwb l�ojqts b h u a u d ojq d s b m b s�g�| b s\g�u{o d u}h b � g d u}|Bs\u l\q�l\|tq b org ~ u
��������� ��h
y{u}| bed g�h@s\g ~ b �\hjk\m b s�g a b oz�gi� ~ qtu�s b h ~ q d ~ k\q o b h
h 2u b b l�orq�s b h�u a u d ojq d s>u 0 g djd u .
mxg��/o�u����5� u a 'b h
u ~ b �/yeg d h 2u b s b ~ q d ~ k\q o b s b 0 bed m�u{o b�� �M��� a u d u b 0 bed mnu{o b � b � '< y}g�|\s\g
o d u}�\h�qth�o bed g�h<s\g�h�o�u 0 g d�d u}mxg��/o�u � ��h d gihjk\| o�u}s b h%s�g a b oz�g�� ~ q�u!h 2u b�b l�ojqts b h<u a 'b h%u�u a |tq ~ uc0~ 2u b
s\g�yegio bed gih!s\g�g $ ~ q�oruc0~ 2u b vu{h�g��/o d u}s>u}h a\d q�m 'u d q�u}h�s b ~ q d ~ k\q o b\� � 0 g d�d u}mxg��/o�u����5��h�qtm�k�|�u
b ~ b m a bed oru}mxg��/o b s b ~ q d ~ k�q�o b u b | b � �eb s b orgim a b\� �g,u ~ bed s b ~ b m b h a u d �u}mxgio djb h!s b
o d u}�\h�qth�o bed g�h�k>u}h�qt�/org d ~ b �\g�$ 2b gih�� b u o d u{h b 'g ~ u}| ~ k\|tu}s bwa u d u u}h�s\q 0 g d gi�/org�h o d u}�\h�q�0~ 2b g�h
� b ~ q d ~ k�q�o b�� ��g�h�org ~ 'u}| ~ k\| b �5h 2u b k�ojqt|�qCBzu{s b h � , � b h,o�u}mnu}� 1 b h�s b h o d u}��hjqth�o bed g�hi� � ����u}h
d g�hjq�h�oz�g�� ~ q�u}h�s\gxqt�/org d ~ b �\g�$ 2u b ��� ��g � . ��y{u}| bed gih�s\g ~ u a u ~ q�o �u}� ~ q�u �	� �p� a u d u-gi� ~ b ��o d u d
b h�orgim a b h�s\g�h�k\l\qts\u:g�s\gih ~ qts>u�u{hjhjq�m ~ b m b y{u}| bed gihBgih�o 'u{yegiqth�s b h*hjq��>u}q�h � ��hBojg�m acb hBs\g
h�k\l\qts\u�g,s\gih ~ q�s>u�h 2u b ~ b m a k�oru}s b h a g�|tu�q��/org d�a\d gpo�uc0~ 2u b s\g,k\m�u d g�s\g �
� a u d u ~ u}s\ux� 'b
s b ~ q d ~ k\q o b\� �g�h�oru 0 bed mnu�� u�s\q�hjhjq a uc0~ 2u b m 'g�s\qtu s b ~ q d ~ k\q�o b 'g ~ u}| ~ k\|�u{s>u ~ b �\hjq�s\g d u}�\s b b
u{o d u}h b�� g�� 'g d q ~ b s\g ~ u}s\u a bed oru | 'be� q ~ u:s b ~ q d ~ k\q�o b\�

� ~ b � G�k\�/o b s\g yegio bed gihns�g-gi�/o d u{s>u a u d u u 0 g djd u}mxg��/o�u ���%� 'g � g d u}s b u a u d ojq d
s\g k\m a\djb}�ed u}mnu�g�m(|tq�� � k>u � g�m s\g a\djbe�}d u}mnuc0~ 2u b ) ��k\g d g ~ g�l g ~ b m bna u d �u{mngpo djb h�s\g
gi��o d u}s\u b orq acb s\g�hjq��>u}| ~ b m�hjk>u gih a g ~ q87 ~ uc0~ 2u b � a g d '<�b s b s\g u}m b h�o d u � g�m-�cs�g 0 u}hju � g�m-�
� 'k\mxg d�b s\g�u}m b h�o d u}h��p� b orq a b s\g ~ b s\q%7 ~ u 0~ 2u b s b h<s>u{s b h<s\g@g��/o d u}s>u��{g b ~ b m a\d qtmxg��/o b s>u
a u{|�uzy d u�s\g:s>u}s b h � ) b m b hru '< s>u s\g�h�org a\d�be�ed u}m�u�� ojg�m ."hjg b hjq��>u}|�s�gD7>�\q�s b � b 0 bed m�u o b
s>u 0 g djd u}mxg��/o�u ���%� � +�u d uwg�h�o�u 0 g d�d u}mxg��/oru b l\q�o ~ b m y{u}| b}d | 'be� q ~ b � 'g d g a�d g�h�g��/o�u{s b
~ b m b hjq��>u}|�l\u}q%$ b � ^ ��� �d^ ��g b l\q o ~ b m(y{u}| bed | 'be� q ~ b , 'g d g a\d gihjgi��oru}s b ~ b m b h�qt�>u{|�u}| o b
� eg` iAe �{e�� �
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� ~ b �\hjk�m b s�g acb oz�g�� ~ q�uxm 'gis\q�uxs b h ~ q d ~ k\q o b h 'g ~ u{| ~ k�|�u}s b u a u d orq d s\u�o d u{�\hjq�0~ 2u b
s b h�hjq��>u}qth�u b | b � �eb s b ~ q d ~ k\q o b\� +5u d u b ~ 'u}| ~ k\| b s\u acb oz�g�� ~ q�u 'g k�orqt|�qCB�u}s>uxu g�$ a\d gihjh 2u b
s>u�g���g dj� q�u���� 5 8 �  	*�.� � � a u d u ~ u}s\u b h ~ q�|�uc0~ 2u b s>u org���h 2u b ��	*�.� � ����k\g b ~ bedjd g�g�m k\m � 'bxa bed
k\mWs\gporg d mnq��>u}s b qt�/org d y{u}| b s\g�orgim a b\� +5u d u ~ u}s>u�� 'b s\g�g��/o d u}s>u s\g�k\mnu a bed oru:| 'be� q ~ u��
u acb oz�g�� ~ q�u 'g ~ u}| ~ k\|�u}s\u u a u d ojq d s b y{u}| bed s\gxg��\g dj� qtu s\q y�q�s\qts b a g�| b ~ b m a�d qtmxg��/o b s b
q���ojg d y}u{| b s\g!orgim a b s\g b h ~ qt|�u 0~ 2u b s>u�orgi�\h 2u b\� � acb oz�g�� ~ q�u�m 'g�s\qtu�o b oru}| 'g�s>u}s>u a gi|�u�h b m�u
s>u{h a u d ~ g�|�u{h!qt�\s\q y qts\k>u{qth ~ u}| ~ k\|�u}s\u}h �

G
�
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��g�h�org ~ u a '< ojk\| b 0 bed u}m�m b h�o d u}s>u}h�u{h a\d q�� ~ q a u}qth 0 b �/orgih�s\g ~ b �\h�k\m b s\g acb oz�g�� ~ q�u
gim ~ q d ~ k\q�o b h�)!&w��� � � ~ b m acb ��g��/org�s\q��5�u}mxq ~ u ~ bed�d gih a b �\s\g,u u a\d�b $�q�m�u{s>u}mxg��/orgQV 5	�
s b ~ b �\h�k\m b s>u a b oz�gi� ~ qtu�o b o�u}|�s\g ~ q d ~ k\q o b h�)!&w��� � +�u d u�g�h�o�u ~ b m a b �\gi��ojg*s\g acb oz�g�� ~ q�u
0 bed u}m�m b h�o d u}s b h b h a\d q�� ~ q a u}q�h 0 u{o bed gih�|tq � u}s b h�u hjk>u s\q�hjh�q a uc0~ 2u b � oru}qth ~ b m b u a\djb l>u .
l\q�|tq�s>u}s\g�s\g�u{ojq�y qts>u{s\g�s\g ~21 u y}gzu}mxg��/o b �Gu u{orq y qts>u}s�g�s\g iW^a`"bdcfeg`"hgi�g�u}h ~ b m a b �\gi��ojg�h!s\g
~ u a u ~ q�o{�u{� ~ qtu}h�s\g:� 'b h � ��h ~ b m acb �\g��/orgih�s\g acb oz�g�� ~ q�uxg�h�o 'u{ojq ~ uxg:s\g ~ k d o b . ~ q d ~ k�q�o b oz�g�m
k\mnu!mngi� bed qt� � kK�g�� ~ q�u�� b ~ b ��hjk\m b�� | b l>u}|}s\gBk�m ~ q d ~ k\q o b\� +5u d u�u ~ b m acb ��g��/org�g�h�o 'u{ojq ~ u
u}h ~ bed�d gi��ojg�h!s\g 0 k � u:g ~ bed�d g��/ojg�h!s\gkb"e � mfnfe��A^ !�u a u d g ~ g�m ~ b m b�a\d qt� ~ q a u}q�h d g�h acb �\h 'u{y}g�q�h
a g�|tu-s\q�hjh�q a uc0~ 2u b s\g a b oz�g�� ~ q�u � +�u d u4u ~ b m acb ��g��/orgxs\g ~ k d o b . ~ q d ~ k\q o b 0 b q�u a\d g�h�g��/o�u}s b
k\m gih�ojk\s b s b hnh�g�k\hxm b s\gi| b h�s\g�s\q�hjh�q a uc0~ 2u b s\g a b oz�g�� ~ q�u�� ~ b ��hjqts�g d u{�\s bTb g 0 giq�o b s>u
d u}m a uxs b hjqt�\u}|<s\g:gi��o d u}s\u � � b q%u a\d g�h�g��/o�u}s b k\m(m b s\g�| b s\g�s\q�hjhjq a uc0~ 2u b mnu}qth a\d g ~ qth b
s b � k�g b�a\d�beacb h�o b g�m � ����� V 3 � ��orgi�\s b .�hjg ~ b m b:a\d qt� ~ q a u}| b l\h�g d y}u 0~ 2u b ��k\g�u acb oz�g�� ~ q�u
s\g ~ k d o b . ~ q d ~ k\q�o b � 2u b�d g�s\kABnuB�g djb mngihjm b a u d u k\mnu g��/o d u}s>u�m�k\q o b d 'u a qts>u � d u}m a u
ojg��\s\gi�\s b u"B�g djb � � +�u d u u}h!s\q 0 g d gi��ojg�h 0 b �/ojg�h!s\g ~ b �\hjk�m b s\g a b oz�g�� ~ q�u�g�mWk\m ~ q d ~ k\q o b
)!&w����g�$�qth�org�m s�q 0 g d g��/orgih 0 g djd u{mngi��oru}h!y b | o�u}s\u}h�vu}h�h�k>u}h�g�h�orqtmnuc0~ 2b g�h�s\g acb oz�g�� ~ q�u � � b
� b hjh b o d u}l>u}| 1 b � b g�� 0 b ��k\g 'g b g�h�ojk\s b s�g a b oz�gi� ~ qtu s\q��5�u}mxq ~ u ~ b �\h�qts\g d u}�\s b u}h a g ~ o b h
s\g a�djb l>u{l\qt|�qts>u}s�g�h�s\g�o d u}�\hjq�0~ 2u b s b h!hjq��>u}qth � �g�h�o�u 0 bed m�u�� 0 b qcm b h�o d u}s>u�u�mxgio b s b | be� qtu
s\g g�h�orqtmnu{ojq�y{uxs�g a b oz�gi� ~ qtu a u d u�g�h�o�u ~ b m acb ��g��/org ~ b �\h�qts\g d u}��s b u}h�s\k>u}h 0 g djd u}mngi�/o�u}h
s\g�gih�orq�m�u orq�y{u:s�g a b oz�g�� ~ q�u k�orq�|tq8Bzu}s>u{h � ����� g,���%� � �
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� � �	 � � �� ��� �
	 � ���� ���� ����� � �
	 � � ���	�� �� � 	�� �  ���
� �  � ��� � � � �

� g � k\��s b �6)�F�� - �}u � � b�a\d q�� ~ q a u}|/u}h a g ~ o b�d g�|�u ~ q b �>u}s b ~ b mPu d g�s\k50~ 2u b s\g acb oz�g�� ~ q�u
'g b g�h�o�u}l g�|�g ~ q�mngi�/o b s>u org���h 2u b s>u 0 b �/org g�m |tqtmxq�ojg�hnm '< �\qtm b h���h�g��\s b g�h�orgih4|tq�mnq orgih
u}h�h b ~ qtu}s b h�vu,ojg ~ � b | b}� q�u�)!&w���nk�orqt|�qCB�u}s>u � �@h�orgih*|�qtmxq�orgih�s\gpyeg�mW|tgpy{u d g�m ~ b �\hjq�s\g d uc0~ 2u b
u}h�m�k\s\u}��0~ u{h*�>u}h ~ b �\s\q�0~ 2b g�hBs\g bea g d uc0~ 2u b s b ~ q d ~ k\q�o b ~ b m b u,y{u d q�uc0~ 2u b s\g�ojg�m a g d u{ojk d u
b k d k '< s b ��u}| 'gim s b u}h a g ~ o b s b u{o d u}h b ����k\g!orgi�\s\g�u�u}k\mxg��/o�u d ~ b m#u d g�s�k�0~ 2u b s>u�orgi�\h 2u b
s\g,u}|�qtmxg��/o�u 0~ 2u b\�

��k�o djb u{h a g ~ o b qtm acbed o�u}�/ojg�u ~ b �\hjq�s\g d u d �>u d g�s\k50~ 2u b s b ~ b �\h�k\m b s�g acb oz�g�� ~ q�u
s\g ~ q d ~ k\q�o b hx)!&w��� 'g u u{ojq�y qts\u}s\g s\g ~21 uzyeg�u}mxg��/o b\� �@�\��k>u}�/o b ��k\g4u u{ojq�y qts\u}s\g s\g
~21 uzy}gzu}mxg��/o b 'g 0 k\� ~ q b �\u}|��Gqth�o b 'g}� d g���k\g d q�s>u a u d u a\d�bea u � u d g:mnu}�\q a k\|�u d q�� 0 bed m�uc0~ 2b g�hi�
1 'u�k\mnu���k>u}�/ojqts>u}s�g*hjk�l\h�oru}� ~ qtu}| s\g�u{ojq�y qts\u}s\g�h%� 2u b 'k�orgiqth%g�m ~ q d ~ k\q�o b h<s\q � q o�u}q�hMg*��k\gBs\gp.
y}g�m#hjg d mxqt��qtmxqCBzu{s>u}h�gim a\d�b G�gio b hBs�g�l>u{q%$�u acb oz�g�� ~ q�u � ��m�s b h*u}h a g ~ o b hB��k\g ~ b ��o d q�l\k\q
a u d u4gih�o�u{h�u{orq y�q�s>u}s\gih:� 2u b 'k�org�q�h:gih�o 'u d g�|tu ~ q b �>u}s b ~ b m o d u}�\hjq�0~ 2b gih�g�h a 'k d qtu}h:s�giy qts b u
u{o d u}h b h�s\g a\djbea u � uc0~ 2u b s\g iW^a`"bdcfe�mfn � ��g 0~ 2u b � � . � ��� � � b k�o d�b u}h a g ~ o b gih�o 'u d gi|�u ~ q b �\u}s b
~ b m u}h�o d u}��hjq�0~ 2b g�h���k\g b ~ bed�d g�mXs\g��/o djb s\g�k\�\qts\u}s\g�h!��k\g�� 2u b h 2u b�a u d org�u{ojq�y{u�g�m k�m�u
bea g d uc0~ 2u b � b k ~ k Gju bea g d uc0~ 2u b 'g d g�s\k\��s>u}�/org �

� a\djb G�gpo b s\g ~ q d ~ k\q o b h�qt�/ojg �ed u}s b h�s\g l>u}q%$�u acb oz�g�� ~ q�u g�$�q � g-u ~ b m�l\qt�\uc0~ 2u b s\g
o 'g ~ ��q ~ u{h:� b h:� '< y}g�qth,s\g�ojg ~ � b | b}� q�u�� ~ q d ~ k\q�o b ��| 'be� q ~ b �%u d ��k\q orgpork d u4g u}| �ebed q�orm b h � �
h�o�u}h
o 'g ~ ��q ~ u{h�h�g:l>u}h�g�qtu}m a\d qt� ~ q a u}|�mngi�/org�g�m m b s�g�| b h�s�g:u{o d u}h b h�qtm a |tq%7 ~ u{s b h!g,�>unm b s�gp.
|tu � g�mXs\g acb oz�g�� ~ q�uxu a u d orq d s b ~ b m acb}d o�u{mngi��o b s\g h�qt�>u{qth�| 'be� q ~ b h ~ b m a\d�b l>u}l�qt|tq�s>u}s\gih
s\g o d u{�\hjq�0~ 2b gih � � a\d g ~ qth 2u b � b h d g�h�k\|�oru}s b h�s�g�h�oru}h�o 'g ~ �\q ~ u}h�gih�o 'u-u{hjh b ~ qtu}s>u u b � '< yegi|�s\g
u}l�h�o d uc0~ 2u b � ~ b � 0 bed mng�m b h�o d u b � k)$ b s\g a\d�b G�gio b s>u4�5q � k d u . � , � & � F - 9 u ���M��� - V��
+���+ �}�e�}� � �

) b m b�acb s\g�h�g d@b l\h�g d y}u{s b �>u���q � k d u . � , �e� b l\u}q%$ b � '< yegi|�s\g!u{l\h�o d uc0~ 2u b � a\d�b ~ g�h�h b �
~ q d ~ k\q�o b h��M| 'be� q ~ b � � acb s\g ."hjg ojg d k\mnu-uzy{u}|�q�uc0~ 2u b a\d g ~ q�hru�s b ~ b �\h�k\m b s\g a b oz�gi� ~ qtu�� acb qth
h�g�orgim s\q�h a b � '< y}g�| s\gioru}| 1 g�h!s\g�q�m a |tg�mxg��/oruc0~ 2u b s b h ~ q d ~ k\q o b h � � '< yeg�q�h�s\g a bed o�u}h�| 'be� q ~ u}hi�
o d u}�\h�qth�o bed g�h�� ^ �%C � � b�s b h�g�|�g�mxg��/o b h�s b ~ q d ~ k�q�o b � � � b h�� '< yeg�q�h�mnu}qth�u{|�o b h�s\g�u}l\h�o d uc0~ 2u b
� u d ��k\q orgiojk d u��\u}| �ebed q orm b g�h�qth�ojg�mnu �p��k\m�u a�d g ~ qth 2u b�d g�|tu{orq y{u:s b ~ b ��hjk\m b s\g acb oz�g�� ~ q�u 'g
mnu}qth
q�m a bed oru}�/org�s b ��k\g�k�m�u a\d g ~ qth 2u b u}l�h b |�k�o�u���y qth�o b ��k\g���g�h�ojg�h�� '< yegiqthBs\g�u}l\h�o d uc0~ 2u b
b ��k\g�hjg s\gihjg Gju d gzu}|�mngi�/org�hju}l g d 'g h�g k\mnuwu}| org d �>u{ojq�y{u-s�g a\djb G�gio b 'gnmngi| 1 b}d s b ��k\g
b k�o d u �

��h,y}u{| bed g�h a g d ~ gi�/ork>u}q�h�s\g d g�s�k�0~ 2u b s�g a b oz�gi� ~ qtu acb s\gim y{u d q�u d s\g u ~ bed s b ~ b m
b � '< yegi|�s\g u}l\h�o d uc0~ 2u b �1+���+N�}�e�e� ��� ) b m bTb l\hjg d y{u}s b �>u ��q � k d u . � , ��� b u}|�o b � '< y}g�|
s\gxu}l�h�o d uc0~ 2u b 1 'u-mnu}q b}d g�h beacb}d ork��\qts>u{s\g�h�s\g d gis\k�0~ 2u b s\u-s\q�hjh�q a uc0~ 2u b s\g acb oz�g�� ~ q�u ~ b m
y{u}| bed gih�s\g d gis\k�0~ 2u b y{u d q�u}��s b g��/o d g � g,�{� y}g Big�h�� b h�s\q 0 g d gi��ojg�h�� '< yeg�q�h!s\g a\d�b G�gio b\� �"h�o b
b ~ bed�d g�s�giy qts b u b mnu}q b}d*�ed u}k s\g�|tq�lcg d s>u}s�g�s\g a\d�b G�gio b h a u d u�l\u}q%$�u a b oz�gi� ~ qtu�g�$�qth�org��/ojg
�\gih�ojg4� '< yeg�|�s\g4u}l\h�o d uc0~ 2u b\� �@�/o d gpo�u}�/o b �!� b hn� '< y}g�qthxmnu}qth�l>u}q $ b hns�gwu}l\h�o d uc0~ 2u b � b �\s\g
b��ed u}k s\g�|tqtl g d s>u}s\g a u d u a\d�b G�gio b h�s\g�l>u}q $\u a b oz�gi� ~ qtu 'g m�u}q�h d gis\kABiqts b � b l�hjg d y{u}m�.�hjg
mxg�� b}d g�h beacb}d ork��\qts>u{s\g�h�s�g d g�s�k�0~ 2u b s\u�s�qthjh�q a u 0~ 2u b s�g acb oz�g�� ~ q�u ~ b m y{u}| bed gih�gi��o d gx�}�
g 5 � � �

��g�h�org ~ u a '< ojk\| b h�g d 2u b u}l bed s>u{s b h b h a\d q�� ~ q a u}qth*u}h a g ~ o b h!s�g d g�s�k�0~ 2u b s b ~ b �\h�k\m b
s\g a b oz�gi� ~ qtu � b h s�q 0 g d g��/orgih � '< yegiqth-s\g�u}l\h�o d uc0~ 2u b s\g a�djb G�gpo b � ~ b m g�� 0 b ��k\g a u d u b h
s\q yeg d h b h �}d u}k\h�s\g bea bed ork\�\q�s>u}s\gih a u d unu a |tq ~ uc0~ 2u b s\g�o 'g ~ �\q ~ u}h�s\g�l>u}q $�u a b oz�g�� ~ q�u �
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Níveis de abstração

Sistema

Fluxo de Projeto

Otimização de sistema:
   Particionamento
Orçamento de Potência

 Otimização do algoritmo:
Minimização da complexidade
   Redução de cálculos 
      desnecessários

Otimização da arquitetura:
  Processamento paralelo
 Minimização da atividade

Algoritmo

Arquitetura

   Otimização da lógica:
        Minimização da 
  atividade x capacitância

Ferramentas

Estimador de potência
no nível de sistemas

Estimador de potência
no nível de instruções

Estimador de potência no
  nível comportamental

Estimador de potência
no nível arquitetural

Precisão
desejada

A
b
s
o
l
u
t
a

R
e
l
a
t
i
v
a

10-20
vezes

 2-5
vezes

20-50%

Oportunidades
de redução de
  potência

  Otimização do circuito:
Manipulação de transistores
  Topologia dos circuitos

  Otimização do layout:
 Capacidade de integração
  Scaling da tecnologia

Lógico

Circuito

Tecnologia

Estimador de potência
   no nível lógico

Estimador de potência
no nível de circuitos

Estimador de potência
no nível de tecnologia

��������	�� . � , �  'g ~ �\q ~ u}h!s\g b orq�mnq8Bzuc0~ 2u b s\g acb oz�g�� ~ q�u a u d u ~ u{s>u�� '< y}g�|cs\g�u}l\h�o d u 0~ 2u b � b
� k)$ b s\g a\d�b G�gio b\�

p
�
� � J� � 9�n?�9�_�F�C H�9%IW=

�g�u ~ bed s b ~ b m � � �
� -/- � �/k\m�h�qth�org�mnu ~ b ��hjqth�org!s\g�k\mnu a |�u o�u 0 bed m�u�s\g e �%��! � �%�fm
g $�g ~ k�oru}�\s b:a\djbe�}d u}mnu}h@s\gQn�� � b�� �%� m�g 'g�s\q y�q�s\qts b gim a\djb ~ gihjhju}s bed g�h���mngim 'b}d q�u{h�g d g ~ k d .
h b h�s\g ~ b m�k\��q ~ u 0~ 2u b ��k\g ~ b �\h�orq ork\gim u}h 0 b �/org�h�s\g�s\q�hjhjq a uc0~ 2u b s\g a b oz�g�� ~ q�u��\gih�ojg�� '< y}g�|
s\g�u{l\h�o d uc0~ 2u b\� ��h�o 'g ~ �\q ~ u}h!s\g b ojqtmxqCBzu 0~ 2u b s\g acb oz�g�� ~ q�u���g�h�ojg�� '< y}g�|Kh 2u b ~ |�u{hjhjq%7 ~ u{s>u}h�s\g
u ~ bed s b ~ b m u���k>u}�/orq�s>u}s\g�s\g � g�$�q�l\qt|�qts>u}s�g a u d u-u a |tq ~ uc0~ 2u b s b h d g ~ k d h b h s\g e �%��! � �%�fm
s\q�h a b � '< yeg�| �

��h d g ~ k d h b h�s�g e �%��! � �%�fmKg�h�o 2u b�d g�|tu ~ q b �>u}s b h ~ b m b orq acb s\g a\djb ~ gihjhru{s bed k�orqt|�qCB�u}s b
a u d u�g $�g ~ k50~ 2u b s b�a\djb ~ gihjhru{mngi��o b s b h�s\u}s b h5g*g�h�orgih acb s\gim�h�g d s�q�y qts\q�s b h%g�mPmxq ~ d�bea\d�b .
~ g�hjhju}s bed g�h�s�g a\d�bea 'b h�q�o bn� g d u}|��Gmxq ~ djb ~ b �/o d�b |�u{s bed gih!g a\d�b ~ g�h�hru}s b}d g�h�s\q � q o�u}q�h!s\g:h�qt�>u{qth
g h�qth�ojg�mnu}h � �"�\s\g a g���s\g��/orgns b orq acb s\g a\d�b ~ g�h�hru}s b}d k�orqt|�qCB�u}s b �cg�$�qth�org k\m �}d u}�\s�g �ed u}k
s\g |tq�lcg d s>u}s�g a u d u a�djb G�gpo b h ��k\g4qt� ~ |tk\gim s\q 0 g d g��/ojg�h�o 'g ~ ��q ~ u{h a u d u d gis\k�0~ 2u b s b ~ b ��.
h�k\m b s\g acb oz�g�� ~ q�u-�\g�h�orgn� '< y}g�|
s\gnu}l\h�o d uc0~ 2u b\� �@h�o�u}h,o 'g ~ �\q ~ u}h:gi�/y b | yeg�m u b orq�mnq8Bzuc0~ 2u b
s\g�mxg�m 'bed qtu}h � k�orqt|�qCB�uc0~ 2u b s�g�mxg�m 'bed qtu}h c��gcfe�mp� a bed g�$�g�m a | b �p� a u d orq ~ q b �\u}mngi�/o b s\g�o�u d gp.
0 u}h g��/o d g e �%��! � �%� m	� n�� � b�� �%� mp�5o d u}��h 0 bed m�uc0~ 2b g�h � b	� k $ b s\u}s b h�. ~ b ��o djb |�g}��k�orqt|�qCB�uc0~ 2u b s\g
ojg��\h 2b g�h�s�g�u}|tq�mngi�/o�uc0~ 2u b y{u d q 'u{y}g�q�h���mnq��\qtmxqCB�uc0~ 2u b s\u acb oz�g�� ~ q�u,s\g�q��/org d 0 u ~ gih � l\u djd u}mngi��.
o b h�� � � �
� -/- � �
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) b m b�a b s\g�h�g d*b l\hjg d y{u}s b �>u:�5q � k d u . � , � b � k)$ b s\g a\djb G�gpo b � k�g�gi��y b |�y}g b � '< y}g�|
u}| �ebed '< ormxq ~ b 'gxs\q�y q�s\qts b gim 0 g d�d u}mxg��/o�u{h � b � '< yeg�| ~ b m a bed o�u}mxg��/o�u{|@gx� b � '< yeg�|
s\gxqt��h�.
o d k�0~ 2b g�h � �g 0 u{o b �%u m�u}q bed qtu�s b h�gih�orq�m�u{s bed gih�s\g acb oz�g�� ~ q�u � b � '< yeg�| ~ b m acbed o�u}mxg��/oru}|
u}h�hjk\mxg�m m b s\g�| b hMu d ��k\q�ojgiork d u}q�h ~ bed�d g�h acb �\s\g��/ojg�h�u!q�m a |�g�mxg��/o�u 0~ 2b gihMs\g_e �%��! � �%� m s\g�s�q .
~ u}s b\� �@�/o d gio�u{��o b ��oru}m�l 'gim 'g a b h�h '< y}g�| d gzu}|�qCB�u d k�m s>u}s b ~ b m acb}d o�u{mngi��o b gim n�� � b � �%�fm
gim k\m a\djb ~ gihjhru{s bed s\g ~ b � G�k\�/o b s\g�qt��h�o d k�0~ 2b g�h a\djb}�ed u}m 'u{y}g�| � ��g�h�org ~ u{h b �\k�m m b s\gi| b
s\g a b oz�gi� ~ qtu � b � '< y}g�|Ms\g�qt��h�o d k�0~ 2b g�h�hjg�o bed �>u m�u{qth!u a�djbea\d q�u}s b\�
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��g�h�org�� '< yegi|*s\g�u}l\h�o d u 0~ 2u b ��m�k\q�o b a b k ~ b 'g ~ b � 1 g ~ q�s b h b l d gns\gioru}| 1 gih:s\gnqtm a |tg .

mxg��/o�u 0~ 2u b s\g�k\m a�djb G�gpo b\� ��g�h�org ~ u}h b ��k\mnu,u{l bed s>u � gim�o '<ta q ~ u 'g�u�k�orq�|tqCB�uc0~ 2u b s\g�u}| � k\�\h
gih�orq�| b h�u d � k�q�orgpork d u}qth b kLbdm	# ,.^ �Wbdmfn�g a\d�b s�k�0~ 2u b s\g:m b s�g�| b h�s\g g�h�orqtmnuc0~ 2u b s\g acb oz�g�� ~ q�u
l>u{hjgzu{s b h��\g�h�orgih�u}h a g ~ o b h �

��h a u d �u}mngpo d�b hns�g a\d�b G�gio b s\g�h ~ b � 1 g ~ qts b h�g4��k\g oz�g�m s\g hjg d ~ b ��hjqts�g d u{s b h�q���.
~ |tk\gim�* ~ b �=7 � k d uc0~ 2u b s\g�mxg�m 'bed qtu�� b � 'k\mxg d�b s\g4u ~ g�h�h b h vu�mxg�m 'bed qtu��
u u d ��k\q orgiojk d u
s b l\u djd u}mngi�/o b � b ~ b m a\d q�mngi��o b m 'g�s\q b s>u}h!q���ojg d ~ b �\g $ 2b g�hi� b � 'k\mng djb s\g b}a g d uc0~ 2b g�h!� b
l>u djd u{mngi��o b ��u ~ b m a |�g�$�qts>u{s\g�s b ~ u}mxqt� 1 b s\g ~ b �/o djb |�g g uTu{ojq�y qts\u}s\g s>u}hn|tq�� 1 u}h s\g
~ b �/o djb |tg �

��h�o 'g ~ �\q ~ u}h,s\g d g�s\k50~ 2u b s\g acb oz�g�� ~ q�u �\gih�orgn� '< y}g�|@s\gnu}l\h�o d uc0~ 2u b g�h�o 2u b a\d q�� ~ q a u}| .
mxg��/org d g�|tu ~ q b �>u}s>u{h ~ b m b g�h�ork\s b s\g�s�q 0 g d g��/orgih�u}| �eb}d q�ojm b h a u d u u d g�u}|tq8Bzuc0~ 2u b s\g�k�m�u
s\gih ~ d q�0~ 2u b s\g*u{|�o b � '< yegi| � �q d gio�u{mngi��ojg d gi|�u ~ q b �>u{s b h ~ b m g�h�org�g�h�ojk\s b g�h�o 2u b�b h a�djb l\|�g�mnu}h
s\g�gih ~ u{| b �>u{mngi��o b g u{| b ~ uc0~ 2u b s\g d g ~ k d h b h �

0+�'&+�j����� 	 S, % 8> % #�/)2 , OQ/ % #�34�.8�# K , 8.�1�
� b l G�giojq�y b s b h*u}| �ebed q�orm b h5s\g�g�h ~ u}| b �>u}mxg��/o b 'g�u}hjh b ~ q�u d u ~ u}s\u bea g d uc0~ 2u b a\d qtmxq�ojq�y{u�s b
�ed u 0 b s\g � k)$ b s\g�s>u}s b hBg ~ b �/o djb |�g � 8:�Ah�b �1�A^ � � �Wb�� 	 ^ ����]D���	,�e � 8 � 	 ] ��k\m#q��/org d y{u}| b
s\g,orgim a b gih a g ~ '< 7 ~ b � s\g,o�u}|%m b s b ��k\g u bea g d uc0~ 2u b hru orqth 0 uc0~ unu�k\mnuns\gporg d mxqt�>u}s\u d gih�.
o d q�0~ 2u b orgim a bed u{| � � b ~ u}h b s\g d g�s\k50~ 2u b s�g a b oz�gi� ~ qtu�� b g�h ~ u}| b �>u}mxg��/o b 'g d g�u}|tq8Bzu}s b s\g
0 bed m�u u a g d mnq orq d ��k\g�s\giojg d mxqt�\u}s b h m 'b s\k\| b h�s b ~ q d ~ k\q�o b acb hjhru{m hjg d s\gihru}l�qt|tq o�u}s b h
gim s\giojg d mxqt�\u}s b h a u}h�h b h�s b u}| �ebed q�orm b �6&w��� - 9 ~ � � �@h�oruno�u d g 0 u acb s\g,hjg d�d g�u}|tq8Bzu}s\uxu
a u d orq d s b l\| b ��k\giq b s b hjq��>u}|{s\g d g�| 'be� q b�b k�s>u a\d 'b}a\d qtu d g�s�k�0~ 2u b s>u�orgi�\h 2u b s�gBu{|tqtmxg��/oruc0~ 2u b �
s\gihjs\g�� k�g�u ~ b �\h�g����k\g��/org d g�s�k�0~ 2u b s\g�s\gihjgim a g�� 1 b � 2u b ~ b m a\djb mxgioru b � k)$ b s\g�s>u}s b h �

0+�'&+�j���'& � 34� % # �% �#U�L2 , o , % = :A/-�./
� b l G�gporq y b s>u o 'g ~ �\q ~ u�s\g�u}| b ~ uc0~ 2u b s\g d g ~ k d h b h 'g 0 u+B�g d ~ b}djd gih a b �\s\g d u d g � qth�o d u}s bed g�h�g
k\��qts>u}s�g�h 0 k\� ~ q b �>u}qthi� y{u d q 'u{y}g�q�h�g bea g d uc0~ 2b gih�s b )���%� d g�h a g ~ ojq�y{u}mxg��/org{�Kg�g�h a g ~ q%7 ~ u d
u qt�/ojg d |�q � u 0~ 2u b s b h ~ b m acb �\g��/orgihngim3org d m b h s\g�l>u d�d u}mxg��/o b h�g-m:k\|�ojq a |�g�$�u}s bed g�h � �
a\d qt� ~ q a u{| b l G�giojq�y b 'g4mxqt��qtmxqCBzu d u���k>u{��ojqts>u{s\g4s\g m 'b s\k\| b hxs�gXe �%��! � �%� m��\g ~ g�h�h 'u d q b h
g d gis\kAB�q d u���k>u}�/orq�s>u}s\gxs\gnqt�/org d ~ b �\g�$ 2u b\�  'g ~ ��q ~ u{h:��k\g ~ b �\h�qts\g d u}m u�s\qth�hjq a uc0~ 2u b s\g
a b oz�gi� ~ qtu s\k d u{��ojg bxa�djb ~ g�h�h b s\g,u}| b ~ uc0~ 2u b o�u{m�l 'g�mWoz�gim hjqts b ~ b �\h�qts\g d u}s>u{h �

� o 'g ~ ��q ~ u a\djb}acb h�o�u g�m �1	���� - 3 � �*s\q d g ~ q b �\u ."h�g a u d u u d g�s\k�0~ 2u b s\u�u{ojq�y qts\u}s\g
s\g ~21 uzyegzu{mngi��o b gim d g � q�h�o d u}s bed g�h�g:k\�\qts\u}s\g�h 0 k�� ~ q b �>u}q�h�u a u d orq d s\g k\mnu ~ k\qts>u{s b hru
h�g�|tg 0~ 2u b s\g-� k\u}qth�y{u d q 'u{yegiqthxh 2u b u acb ��oru}s>u}h a u d u b mngihjm b�d g � q�h�o d u}s b}d�� � a u d ojq d s\g
h�qtm�k\|tuc0~ 2u b 0 k\� ~ q b �>u{|��/h 2u b,b l�orq�s>u}h@g�h�o�u{o '< h�orq ~ u}h a u d u ~ u}s>u�y{u d q 'u{yegi|�� b �\s�g�u a u d orq d s\g�h�o�u}h
gih�o�u o '< h�orq ~ u}h�h 2u b�b l�ojqts>u{h u{h ~ bedjd g�|�u 0~ 2b gih gi��o d gTu}h y}u d q 'u yeg�q�h � � u}| �eb}d q�ojm b hjg�|�g ~ q b �>u
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gi��o 2u b-a u d u b mngihjm b-d g � q�h�o d u}s b}d �%u}h�y{u d q 'u{yegiqth ~ b m u{|�o�u ~ bedjd g�|tuc0~ 2u b�� �gih�o�u 0 bed m�u�� b
� 'k\mxg d�b s\g�o d u}�\hjq�0~ 2b gih�� b h d g � qth�o d u{s bed gih!g ~ b �\h�g����k\g��/ojg�mxg��/org � b h�m 'b s\k\| b h 0 k\� ~ q b �>u{qth
'g�mxqt�\q�mnq8Bzu}s b��

 'g ~ �\q ~ u}hxhjq�mnq�|�u d g�h�s�g d gis\k�0~ 2u b s>u u{ojq�y qts>u{s\g�s\g ~21 u y}gzu}mxg��/o b ~ b ��hjqts�g d u{�\s b u
u}| b ~ uc0~ 2u b s\g d g ~ k d h b h,h 2u b s\gih ~ d q�oru}h�g�m �6)�F�� - 5 � g �6&4��� - 5	��� ��k�o d u}h�o 'g ~ ��q ~ u{h ~ b ��.
h�qts\g d u}�\s b u d g�s\k50~ 2u b s\uTu{ojq�y qts>u{s\g s�g ~21 uzyeg�u}mxg��/o b h�g4s\q d g ~ q b �\u}m h b mngi��ojg a u d uTu
u}| b ~ uc0~ 2u b s\g d g � q�h�o d u}s b}d g�h ~ b m b g�m �1	���� - 5 u � � ��mnu o 'g ~ �\q ~ u a u d u4l>u}q $�u acb oz�g�� ~ q�u
��k\g ~ b �\h�qts\g d u:h�qtm�k\| o�u}��gzu}mxg��/org b gih ~ u}| b �\u}mngi�/o b g�u�u}| b ~ u 0~ 2u b s\g d g ~ k d h b h 'g�u a�d g�h�g���.
oru}s>u g�m �1	���� - 5 � �
0+�'&+� & � Su ! , 3 2 ,�� 8�/l�1: = �% �� , /

��m�u b k�o d unu}l b}d s>u � g�m a u d u d gis\k�0~ 2u b s\g acb oz�g�� ~ q�ux� b � '< yeg�|5u}| �ebed '< ormxq ~ b � d g 0 g d gp.
h�gTvu b orq�mnq8Bzuc0~ 2u b �>u{h qt�\h�o d k50~ 2b gih s\g k\m ~ 'b s\q �eb 0 b �/org � ��gih�ojg � '< y}g�|���u a b oz�gi� ~ qtu acb s\g
h�g d g�h�ojqtmnu}s>u s\gxu ~ bed s b ~ b m b � 'k\mxg d�b s\g ~ q ~ | b h � u{h�o b h a bed ~ u{s>u-q��\h�o d k�0~ 2u b g�u�hjk>u
~ bedjd g��/orgnm 'gis\q�u � �@h�oru4g�h�orqtmnu{ojq�y{u s\g a b oz�g�� ~ q�u��Mo b}d �>u .�hjgxqtm acb}d o�u{��ojg g�m u}h a g ~ o b h s\g
a\d�b G�gio b h a u d u�l\u}q%$�u acb oz�g�� ~ q�u �

� b orqtmxqCB�uc0~ 2u b � b � '< y}g�|Ms\g,qt�\h�o d k�0~ 2b gih�g�h�o 'u d g�|tu ~ q b �>u}s>u ~ b m b�a\djb G�gio b s\g�k\m(u}| .
�eb}d q�ojm b � k�g�hjg Gju,l g�m#mnu a gzu}s b,a u d u b e �%��! � �%� m�s\qth acb � '< yegi|>g�ojg�� 1 u gD7 ~ q��gi� ~ qtu,� b h�u}h�.
a g ~ o b hBs\g�ojg�m acb g ~ b m a |tg�$�q�s>u}s\g�s\g�u d mnu+B�gi�>u}mxg��/o b�� �@m�org d m b hBs\g�l>u}q $ b ~ b ��hjk\m b �
u}h�o 'g ~ �\q ~ u}h�s\g b orq�mnq8Bzuc0~ 2u b s\g a b oz�gi� ~ qtu��\g�h�org,� '< y}g�|Kgih�o 2u bnd g�|tu ~ q b �>u}s>u{h a\d q�� ~ q a u}|�mngi��ojg
~ b m u hjgi|tg�0~ 2u b s\g�mngi� bed ��k>u}�/orq�s>u}s\g�s\g�q��\h�o d k�0~ 2b g�h b k-hjgi� kK�g�� ~ q�u�s\g�qt�\h�o d k50~ 2b gih �

� b u}h a g ~ o b s\g hjgi|tg 0~ 2u b g bed s\g��>u{mngi��o b s\g qt�\h�o d k�0~ 2b gih�� b a\d q�� ~ q a u}| b l G�giojq�y b 'g
u�h�g�|�g�0~ 2u b s\g�h�g���kK�g�� ~ q�u{h,s�g ~ 'b s\q �eb � k�g�mnq��\qtmxqCBig�m u acb oz�g�� ~ q�u b kwg��\g dj� qtu u{o d uzy 'g�h�s\g
s\q 0 g d g��/orgih�qt��h�o d k�0~ 2b g�h���k\g acb h�hru}m hjg d ~ b m a u ~ oru}s>u}h5g�mPk\mnu 'k\�\q ~ u�qt�\h�o d k50~ 2u b ��k\g bea g d u
gim�k\mnu�mxg�� b}d ��k>u}�/orq�s>u}s\g!s�g ~ q ~ | b h � � bed s\g��\u}mngi�/o b s\g�q��\h�o d k�0~ 2b g�h@s�giyeg ~ b �\h�qts\g d u d�b
g 0 g�q�o b s b g�h�o�u}s b s b ~ q d ~ k\q o b � b k�u�o djb ~ u�s\g b}a g d u}�\s b h@��k\g d g�h�k\|�ojg!g�m�mngi� bed u{ojq�y qts\u}s\g
s\g ~21 uzy}gzu}mxg��/o b��

�@m �1 !� @ - 9 � 'g�m b h�o d u}s b k\mXg�$�g�m a | b ~ b m b u �ed k a u}mxg��/o b s�g�s\k>u}h!q��\h�o d k�0~ 2b g�h
�  / " ."m�k\| orq a |tq ~ uc0~ 2u b ��g � " A � .�o d u{�\h 0 g d �g�� ~ q�u�s�g�s>u}s b h�s\g�mxg�m 'bed qtu a u d u d g � q�h�o d u}s bed g�h
A g � � d g�h�k\|�oru}�\s b g�m k\mnu 'k��\q ~ u q��\h�o d k�0~ 2u b  / "�� " A �!� � q��\h�o d k�0~ 2u b u �ed k a u}s>u 'g
u a |tq ~ u}s>u�u b�a\djb}�ed u}mnu!s\g�s b qth 7>| o d�b h � ��� * 3 g " � � 	 � * 9 � � � ojg��\s b ."h�g d gis\k�0~ 2b g�h5s\gBgi�\g d�� q�u
s\g � 9	� g 3 � �Yd g�h a g ~ ojq�y{u}mxg��/org �

�#o djb ~ u s\g bea g d u}��s b h 'g b k�o d u�o 'g ~ ��q ~ u�� b � '< y}g�|
s\g�qt��h�o d k�0~ 2b g�h,� k�g a b s�g d g�h�k\| .
oru d gim � u}� 1 b h�hjq � �\q87 ~ u{orq y b h�s\g ~ b �\h�k\m b s\g a b oz�gi� ~ qtu � � b l G�giorq y b s\gih�oruno 'g ~ �\q ~ u 'g�u
o djb ~ u�s\g bea g d u}�\s b h@g��/y b | y qts b h@gim bea g d uc0~ 2b g�h@s\g!k\��qts>u}s�g�h@| 'b}� q ~ u�g�u d q�orm 'giojq ~ u����M� b k
bea g d uc0~ 2b g�h ~ b m y{u}| bed gih 0 d u ~ q b � 'u d q b hi�{s�g*o�u}| 0 bed mnu���k\g*mnq��\qtmxqCBig
u�u{orq y qts>u}s�g*s\g ~21 u y}gzu .
mxg��/o b u}hjh b ~ q�u}s\u ~ b m�u}h bea g d uc0~ 2b g�h � �@m �1 !� @ - 9 � � u�o 'g ~ �\q ~ uns�g o d�b ~ uns\g bea g d u{�\s b h
0 b q@k�orqt|�qCB�u}s>u g�m o d �g�h g�$�g�m a | b h�s\g ~ q d ~ k\q�o b h � " �:� 	 � * 9 ��� ��� * 3 � 	 	 � ����k�orqt|�qCB�u}�\s b u}h
q��\h�o d k�0~ 2b g�hns b]a\d�b ~ g�hjhju}s bed s\q � q o�u}|!s�g4hjq��>u}q�h �  � . �}��� ~ b m d gis\k�0~ 2b g�h s\g g��\g dj� qtu�s\g
5/5 � 9 � � . � � � � g , ��� - �Wd g�h a g ~ orq y{u}mngi�/org,g�m d g�|�u 0~ 2u b u b h a�djbe�ed u}mnu}h bed q � q��>u}qth �

p
�
p � J� � 9��DZ;>[�V�F"H�9KH>V�;>=�
� a\d gihjgi��ojgno d u}l>u{| 1 b s\g�s b k�o bed u}s b g�h�o 'u�y b |�oru}s b�a u d u-gih�ojgn� '< yegi|@s\g�u{l\h�o d uc0~ 2u b\�

��| � k\��h acb ��o b h d gi|�u{ojq�y b h vu}h�o 'g ~ ��q ~ u{h!s\g b orq�mnq8Bzuc0~ 2u b s�g acb oz�g�� ~ q�u�k�ojqt|�qCBzu{s>u}h*��g�h�ojg�� '< y}g�|
s\gwu}l\h�o d uc0~ 2u b hjg d 2u b u{l bed s>u}s b h��\gih�o�u h�g�0~ 2u b\� �
�/o d gioru}�/o b � b � '< yeg�|�u d ��k\q orgpork d u}|�h�g d 'u
� b y{u}mxg��/org,u}l bed s>u}s b ��g�m mnu}q b}d g�h*s\gioru}| 1 gih��>� bxa\d 'b $�qtm b ~ u a '< ork\| b\�
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� b � '< yeg�|*u d ��k\q orgpork d u}|��5k\m�u s>u}h:o 'g ~ ��q ~ u{h�s\g l>u{q%$�u a b oz�gi� ~ qtu4mnu}qth,k�orq�|tq8Bzu}s>u{h 'g
s\gi� b mxqt�>u{s>u�o 'g ~ ��q ~ u�s�g�l\| b ��k\g�q b s\g�h�qt�>u{|�s\g d g�| 'be� q b � cR^ �1c �\i �Wbj`"hgi � � �@h�oru�o 'g ~ �\q ~ u a u d org
s b�a\d q�� ~ '<�a q b s\g � k�g4�\gim h�g�m a\d g o b s b h b h d g � q�h�o d u}s bed g�h a\d gihjgi��ojg�h � b ~ q d ~ k\q o b h 2u b
u{ojk>u}|�qCBzu{s b h�u ~ u}s>u ~ q ~ | b s\g d g�| 'b}� q b\� �g�h�o�u 0 bed mnu�� o bed �>u ."h�g��\g ~ g�h�h 'u d q b u q�s\g��/orq%7 ~ u 0~ 2u b
s\g�� k\u}qth a u d orgih�s b ~ q d ~ k\q�o bwa b s\gim 7 ~ u d q�� bea g d u{��ojg�h a bed k�m3s\gporg d mnq��>u}s b4a g d '<tb s b
s\gnorg�m a b\� ��g�u}h ~ b �\s�q�0~ 2b g�h���k\g s\gporg d mxqt�>u}m u 0 u{|�o�u-s\g�uc0~ 2u b s b h d g � qth�o d u}s bed gih�h 2u b
b l�hjg d y{u}s>u}hi� acb s\gp.�hjg b l�org d u d gis\k�0~ 2u b s\g acb oz�g�� ~ q�u�u{o d uzy 'g�h�s>u qt�\q�l\q�0~ 2u b s b s\q�h a u djb s b h
d g�| 'b}� q b hB�\g�h�orgih d g � qth�o d u}s bed g�h!s\g�m b s b u s\gihru}l\q�|tq o 'u .�| b h � &4��� - 9 u ���

��k�o d u ~ |tu}hjh�g s\g,o 'g ~ �\q ~ u}h��\g�h�org � '< y}g�|<s\g�u{l\h�o d uc0~ 2u b h 2u b l\u}hjg�u}s>u}h��>u ~ b s\q%7 ~ u 0~ 2u b
s\g�l>u djd u}mxg��/o b h � �g 0 u{o b ��u}h ~ u a u ~ q o{�u}� ~ q�u{h:u}h�h b ~ qtu}s>u}h:u b h�l>u djd u{mngi��o b h ~ b h�ojk\mnu}m
h�g d y 'u d q�u}h b}d s\gi�\h s\g �ed u}�\s\gDBzu hjk a g d q b}d g�h-vu}h ~ u a u ~ q o{�u}� ~ q�u}h s b h b k�o d�b h�� 'b h q��/org d � b h
s b h ~ q d ~ k\q o b h � �g�h�o�u 0 bed mnu���g�m s\gporg d mxqt�>u}s\u}h�u a |�q ~ u 0~ 2b gih b ~ b �\h�k\m b s�g a b oz�g�� ~ q�u � b h
l>u djd u{mngi��o b h a b s\g�hjg d m�k\q o b h�q � ��q87 ~ u{orq y b\� � 'u d qtu}h�o 'g ~ �\q ~ u}h�s\g d g�s\k�0~ 2u b s>u u{ojq�y qts\u}s\g
s\gxo d u}�\hjq�0~ 2u b � b h l>u djd u}mxg��/o b h�oz�gim hjqts b u a |�q ~ u}s>u}h � �@h�o�u}h,o 'g ~ �\q ~ u}h:h�g d 2u b u}l bed s\u}s>u}h
� b�a\d 'b $�qtm b ~ u a '< ork�| b\�

p
�
� � J� � 9� � JAt�*F�LMA

��hMo 'g ~ �\q ~ u}h<s\g b orq�mnq8Bzuc0~ 2u b s\g a b oz�gi� ~ qtu!� b � '< yegi|/| 'be� q ~ b oz�g�m o d u}s�q ~ q b �>u}|�mngi�/org�h�qts b
s\g ~ b m a b h�oru}h*gimYo 'g ~ �\q ~ u}h�qt��s\g a g��\s�g��/orgih!g�s\g a gi�\s\g��/ojg�h!s>u ojg ~ � b | b}� q�u � �@mXu{m�l b h b h
~ u}h b h acb s\gim hjg d u a |�q ~ u}s>u}h�o 'g ~ �\q ~ u}h a u d u d g�s\k�0~ 2u b s\g 'u d gzu���u{o d u}h b hi��gxs\qth�hjq a uc0~ 2u b s\g
a b oz�gi� ~ qtu �

�g�u ~ bed s b ~ b m �1��@� - 5 � �%�\gih�orgx� '< yeg�|
s\gxu}l�h�o d uc0~ 2u b g $�q�h�ojg�m s\q yeg d hru}h�o 'g ~ �\q ~ u}h
s\g d g�s\k50~ 2u b s\g a b oz�gi� ~ qtu���hjgi�\s b u]m�u}q bed qtu s�g�|�u{h s\q d g ~ q b �>u}s\u}h a u d u u]mnq��\qtmxqCB�uc0~ 2u b
s>u u orq�y q�s>u}s\g�s�g ~21 u y}gzu}mxg��/o b s b h ~ q d ~ k\q o b h ~ b m�l�qt�>u ~ q b �\u}qth�g hjg�� �k\gi� ~ qtu}qth � ��| � k\mnu}h
s\gih�oru}h5o 'g ~ ��q ~ u{h�h 2u b u a |�q ~ u{s>u}h<s\k d u}�/org b�a\djb ~ gihjh b s\g*h '< �/orgihjg�| 'be� q ~ u�� ~ b m b�acbed g�$�gim a | b �
u}h�o 'g ~ �\q ~ u}h:� k�g�l\k\h ~ u}m b l\u}|�u}� ~ gzu{mngi��o b s\g ~ u}mxqt� 1 b h,� b h ~ q d ~ k\q o b h,� b h�g��/orq�s b s\g
d g�s\kABiq d u}h�o d u}�\h�q�0~ 2b g�h�g�h a 'k d qtu}h!g�m ~ q d ~ k\q o b h!| 'be� q ~ b h ~ b m�l\q��>u ~ q b �>u}q�h���k\g d g a�d g�h�g��/o�u{m �
s\g u ~ bed s b ~ b m � �
F�� - � � ��g��/o d g , � � g 3 � � s>u a b oz�gi� ~ qtu s>u u{ojq�y qts>u{s\g�s\g ~21 u y}gzu .
mxg��/o b�� � a\d�b ~ g�hjh b hjg�gi� ~ g djd u ~ b m b mnu a gzu}mxg��/o b org ~ � b | 'be� q ~ b � b �\s�g:hjg b l�o 'gim k�m�u
s\gih ~ d q�0~ 2u b g�h�o d k�ork d u}|!s b ~ q d ~ k�q�o b | 'be� q ~ b � b k h�g Gju���k\mnu d g�s�g � h mRbj^a` nRb �:s\g�s\q�h a b hjq orq�y b h
| 'be� q ~ b h�q���ojg d |tq � u}s b h �

� b � '< y}g�|�| 'be� q ~ b �!k\mnu s>u}h o 'g ~ �\q ~ u}h s�g d g�s\k50~ 2u b s\g a b oz�gi� ~ qtu]m�u}q�h s\q 0 k\�\s\q�s>u}h
u{ojk>u}|�mngi��ojg 'g u o 'g ~ �\q ~ uxs\g a�d 'gp. ~ b m a k�oruc0~ 2u b ��k\g ~ b ��hjqth�org,�>unq��/o djb s\k�0~ 2u b s\g acbed o�u}h�s\g
o d u}�\h�mnq�hjh 2u b b k ^ �Wb�cfe�mfn�o d u}�\h a u d gi�/org�h u b ~ q d ~ k\q�o b a u d u d g�s\k50~ 2u b s>u hjk>u�u{ojq�y qts\u}s\g�s\g
~21 uzy}gzu}mxg��/o b �1���� - 5 ��&w��� - 9 u���&w��� - 9 l � � ��gih�ojg ~ u}h b �\u,qts 'giq�u,l 'u}hjq ~ u 'g�u:h�g�|tg 0~ 2u b
g uzy}u{|tq�u 0~ 2u b s b h�y{u}| b}d g�h�| 'be� q ~ b h!s\g hru '< s>uxs b ~ q d ~ k\q�o b gim(k\m ~ q ~ | b s\g d gi| 'be� q b u}�/org d q bedi�
� b ~ q ~ | b s\g d g�| 'be� q b hjg � k\q���ojg}�/gih�orgih�y{u}| b}d g�h5h 2u b k�orq�|tqCB�u}s b h a u d u�s\gihru}l�qt|tq o�uc0~ 2u b s b h�l\| b ~ b h
� 2u b:bea g d u}�/org�hB� b h�g��/orq�s b s�g d gis\kABiq d u:u{ojq�y qts>u{s\g�s\g ~21 uzy}gzu}mxg��/o b q��/org d �>u s b ~ q d ~ k\q�o b\�

��m�u b k�o d u o 'g ~ �\q ~ u a u d u d g�s\k�0~ 2u b s\unu{ojq�y qts\u}s\g�s\g�o d u}�\hjq�0~ 2u b � b � '< y}g�|M| 'be� q ~ b 'g u
~ b s\q%7 ~ u 0~ 2u b s\g:gih�o�u{s b h � nRb �Wbdm �AnfnR` iWh�# mRh�b � a u d unl>u}q $�u a b oz�gi� ~ qtu � �
h�o�u�o 'g ~ ��q ~ uxk�orq�|tq8Bzu
u�q�� 0 bed m�uc0~ 2u b s\g a\d�b l>u}l\q�|tq�s>u}s\gih�s�g:o d u}�\hjq�0~ 2u b s\g�gih�o�u{s b g�s>u�s�qth�o �u}� ~ q�uns�g 
 �%# #?`"hgi
a u d u ~ 'u}| ~ k\| b s b � 'k\mxg djb m 'gis\q b s\g ~21 uzyeg�u}mngi�/o b h
s b h�l\q�ojh�s\g�gih�o�u{s b ��k\m�u�m 'u}��k\q��>u�s\g
gih�o�u{s b h 7>�\q�oru �
	 `"h�`"bdm �xb �Wbdm  �gcfeg`"h m � 	 �� � � ����� - 5	� � � s�qth�o �u}� ~ q�u�s\g 
 �%# #?`"hgi 'g b
� 'k\mxg d�b o b oru}|Ks\g�l\q orh!s\q 0 g d g��/orgih�gi��o d g�s b q�h�yegpo bed g�h�l�qt� 'u d q b h*s\g�mngihjm b ~ b m a\d q�mngi�/o b\�

� acb hjq ~ q b �\u}mngi�/o b s\g d g � q�h�o d u}s bed g�h@gim acb ��o b h@g�h�o d u{o 'g � q ~ b h
s b ~ q d ~ k\q o b ojg�m h�qts b
k�ojqt|�qCBzu{s b ~ b m b o 'g ~ �\q ~ u a u d u�l\u}q%$�u a b oz�g�� ~ q�u ~ b � 1 g ~ q�s>u a bed � mRbj`$#?`"hgi � �
h�o�u�o 'g ~ �\q ~ u�ojg�m
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a bed:b l G�giojq�y b b d g a b hjq ~ q b �>u}mxg��/o b s\g�� `-, ��� �.,�n g�m ~ q d ~ k\q�o b h:h�g����k\g�� ~ q�u}q�h��@mnu}�/orgi�\s b .
h�g4hjgik ~ b m a bed oru}mxg��/o b 0 k\� ~ q b �>u{|�g $ org d � b\� �g�h�o�u 0 b}d mnu��Bojg�m ."hjg u�m b s\q87 ~ uc0~ 2u b s>u
u{ojq�y qts\u}s\g�s\g ~21 uzy}gzu}mxg��/o b g�m h�qt�>u}q�h�qt�/ojg d � b h�s\g�k\m ~ q d ~ k\q�o b ~ b m q�m a u ~ o b s\q d gio b �>u
s\q�hjh�q a uc0~ 2u b s\g a b oz�g�� ~ q�u�m 'gis\q�u � ��k�orqt|�qCB�uc0~ 2u b s�g � mRbj`$#?`"hgi a u d unmxqt�\q�mnq8Bzu d u�u{ojq�y qts\u}s\g
s\g ~21 uzyeg�u}mxg��/o b 'g�l>u{hjgzu{s>u �>u b l\h�g d y}u 0~ 2u b s\gn��k\gnu�hru '< s>u-s�g�� `-, ��� �.,�n�g�m ~ q d ~ k\q�o b h
h�g����k\g�� ~ q�u}q�h acb s\g u a\d g�hjgi�/o�u d mngi� b h�o d u{�\hjq�0~ 2b gih-s b ��k\g�u}h h�k>u}h-g��/o d u}s>u}h s\giy q�s b vu
d g�s\k�0~ 2u b s>u�u{orq y�q�s>u}s\g�s�gYiW^a`"bdcfeg`"hgi � &4��� - 9 u ���

p
�
2 � J� � 9�n?�9�S]F�;>L<V�F�H�ABC

� ~ b m a b �\g��/ojg s b mxqt�>u{��ojg�s b ~ b �\h�k\m b s\g a b oz�gi� ~ qtu a u d u4k\m ~ q d ~ k\q o b )!&w���
'g a\d�beacb}d ~ q b �>u}|*u b ��k>u}s d u}s b s>u 0 b �/org�s\g-u}|tq�mngi�/o�uc0~ 2u b\� �gih�oru 0 bed m�u�� bea g d uc0~ 2b g�h�s\g
~ q d ~ k\q�o b h@g�m�ojg��\h 2b g�hBm�u{qth@l>u}q $�u}h�o bed �\u ."h�g b,a b �/o b ~ g��/o d u}| a u d u u�mnq��\qtmxqCB�uc0~ 2u b s\g�g���.
g dj� qtu ~ b �\hjk\mxqts\u acb}d*bea g d uc0~ 2u b �6)�F�� - 5	��� �@�/o d gioru}�/o b �Gu:h�qtm a |tgih b}a g d uc0~ 2u b s\g d g�s\kABiq d
u�ojg��\h 2u b s\gxu}|tq�mngi��oruc0~ 2u b 0 u+B ~ b m ��k\g b h�gi|tg�mxg��/o b h�s\g ~ q d ~ k\q�o b h�qt��s\q�y qts�k>u}qth bea g d g�m
s\g�k\mnu 0 bed m�u,m�u{qth
|tgi��oru g�qth�o b ojg�mYs\g�h�g d ~ b m a gi�\hru{s b�a bedBa�djb G�gpo b hBs\g�u d ��k\q�ojgiork d u}h
u a�djbea\d q�u}s b h �

� a\djb s\k�o b�a b oz�gi� ~ qtu .�u{o d u}h b�acb s\g�hjg d qt�/org dja\d gioru}s b ~ b m b u�� k\u}�/orqts\u}s\g�s\gBgi�\g d�� q�u
� u{h�o�u�g�m ~ u}s>ungpyegi��o b s\g ~21 u y}gzu}mxg��/o b � b k-o d u}�\hjq�0~ 2u b � � ��g 'g |�giy{u}s>u�g�m ~ b �\hjq�s\g d uc0~ 2u b
h b mngi�/org u ~ b m a b �\gi��ojg s�qt�5�u}mxq ~ u s>uns\q�hjh�q a uc0~ 2u b s\g a b oz�g�� ~ q�u��Gg��/o 2u b u�g��\g dj� qtu 'g,s>u}s>u
s\g-u ~ bed s b ~ b m u �@��k>uc0~ 2u b . � , � )�F�� - �}u � � b �\s\g � � ��� � � � 2���� 'g�u ~ u a u ~ q�o �u}� ~ q�u g 0 gporq�y{u
~21 uzy}gzu}s>u a u d u d gzu{|tqCB�u d k\mnu bea g d uc0~ 2u b g 'g:s\u}s>uns�g�u ~ bed s b ~ b m�u��@��k>uc0~ 2u b . � ��� b �\s\g
��� 'g,u ~ u a u ~ q o{�u}� ~ q�u�s�g ~ u dj� u g � 'g b 0 u{o bed s\g,u{orq y qts>u}s�g �

� � ����� � � � � � ' � ��� � �
	 �	� ?
� � ) � �:�
� � � � ? � � ��� � � � 2������  	�	 � . � , �

� � ��� � � � 2����:? � ��� � . � ���
) b m b�a b s�g!hjg d
b l�hjg d y{u}s b,a gi|�u��@��k>uc0~ 2u b . � , ��u�g���g dj� q�u a bed o d u}�\hjq�0~ 2u b�b kxgi��k\q�y{u .

|�g��/orgimngi��ojg b!a\djb s\k�o b�acb oz�g�� ~ q�u ."u{o d u}h b 'g a\djbea bed ~ q b �>u}|eu �  	�	 g $�qtl\q��\s b k\mnu�s\g a g���sM�g�� ~ q�u
��k>u}s d 'u{ojq ~ u � �@�/o d gpo�u}�/o b �!u�h�qtm a |tgih h b |�k�0~ 2u b s\g d gis\kABiq d ��	�	 a u d u a\djb G�gpo b hns\g-l>u}q%$�u
a b oz�gi� ~ qtu orgim k\m ~ k�h�o b�� � ~ k�h�o b u�h�g d!a u �eb 'g�u a g��>u}|�qts>u{s\g�gimWy}g�| b ~ q�s>u}s\g a u d u�k�m�u
d g�s\k�0~ 2u b s\g �
	�	 � ~ b m b u}k\mxg��/o b s b u{o d u}h b �6)�F�� - 5 � � ~ b m b m b h�o d u u��@��k>uc0~ 2u b . � . �
��u:�@��k>uc0~ 2u b . � . � � g � )�+ h 2u b:a u d �u}mxgio djb h�s\g�org ~ � b | be� qtu � m b l\qt|�qts>u}s�g�s b h acbed o�u}s bed gihBg
~ u a u ~ q�o{�u{� ~ qtu�s�g 'b $�q�s b �p� � g �Nh 2u b ux|tu dj� k d u g b ~ b m a\d qtmxg��/o b s b o d u}�\h�qth�o bed�d gih a g ~ .
ojq�y{u}mxg��/org�g���� 'g�u orgi�\h 2u b s\g�|tq�mnqtu d��

� 	�? ��� �
	�	
� ? ��� ��	�	

� 3�� �� > 
�
� � �
	�	 � ��� �  � . � . �

��| � k�m�u}h�o 'g ~ �\q ~ u}h,oz�g�m u a b �/o�u{s b4a u d u-u d g�s\k�0~ 2u b s>u�s\q�hjhjq a uc0~ 2u b s�g a b oz�gi� ~ qtu u
a u d orq d s>u mnu}�\q a k\|tuc0~ 2u b s�g�o d u}�\h�qth�o bed gih � ��m�u�s\gih�o�u{hBo 'g ~ �\q ~ u}h 'g�u d gis\k�0~ 2u b s>u acb oz�g�� ~ q�u
a g�| b d g bed s\g��>u{mngi��o b s b h,o d u}�\hjq�h�o bed gih gns\qth�o d q�l\k\q�0~ 2u b s>u}h,g��/o d u}s>u}h�� )!��� -E� � � � b l�.
G�gporq�y b s\gih�oru4o 'g ~ �\q ~ u 'g�gi� ~ b �/o d u d b mngi| 1 b}d bed s\g��\u}mngi�/o b s\gxo d u}�\hjq�h�o bed gih ~ b ��g ~ oru}s b h
gim ~ u{s>u acb}d o�u�g�s\qth�o d q�l\k\q�0~ 2u b s\u}h�g��/o d u}s>u{h��>� b h�g��/orq�s b s\g�mxqt�\q�mnq8Bzu d
b u{o d u}h b g!& b k�u
s\q�hjh�q a uc0~ 2u b s\g a b oz�gi� ~ qtu �

� d g�s�k�0~ 2u b s\g a b oz�g�� ~ q�u a g�|�u�o bea b | be� q�u�s b h ~ q d ~ k\q�o b h�orgim oru}m�l 'gim h�qts b gim a\d gp.
� u{s>u ~ b m b o 'g ~ �\q ~ u�s\g d g�s�k�0~ 2u b s\g a b oz�gi� ~ qtu��\g�h�org�� '< y}g�|>s\g�u}l\h�o d uc0~ 2u b�� ��gih�o�u�o 'g ~ �\q ~ u���u
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q�s 'g�qtu ~ g��/o d u}| 'g*u�g�h ~ b | 1 u�s\gBo bea b | b}� q�u}hMs�g ~ q d ~ k\q�o b h�u a\djbea�d q�u{s>u}h a u d u�u�qtm a |�g�mxg��/o�uc0~ 2u b
s\g!y 'u d q�u}h 0 k\��0~ 2b g�hB| 'be� q ~ u{h�g�u d q�ojm 'gporq ~ u}h � �g�u ~ bed s b ~ b m � )�F�� - 5 � ��gih�o�u,g�h ~ b | 1 u a u}hjhju
a bed gio�u a u}h*s�g�qtm a |tgimngi�/o�uc0~ 2u b ~ b m b u:k�orqt|�qCB�uc0~ 2u b s\g�| 'be� q ~ u�s\q��5�u}mxq ~ u b k gih�ojqt| b hBs\g�qtm .
a |�g�mxg��/o�u 0~ 2u b | 'be� q ~ u ~ b m�u�k�ojqt|�qCBzu 0~ 2u b s\g�o d u}�\hjq�h�o bed gih@s\g a u}h�hru � gim � ����� - ���{ 5� � -E� � �
�g�u ~ bed s b ~ b m � )�F�� - 5 � ��k\mnu:s\g�h�y{u}�/o�u � gim u a\d gihjg��/oru}s>u g�m d gi|�uc0~ 2u b vu:k�orqt|�qCB�uc0~ 2u b s\g
| 'be� q ~ u s\qt�5�u{mnq ~ u hjg d g 0 g d g�vun�\g ~ g�h�hjq�s>u}s\g�s�g bea g d uc0~ 2u b s\g a�d 'gp. ~ u d�� un��k\g acb s\g d gihjk\| o�u d
gim k\m u}| o b 0 u o bed s\g u{ojq�y qts>u{s\gns�g�o d u}�\hjq�0~ 2u b ��orgi�\s b .�hjg ��k\g k�ojqt|�qCBzu d | 'be� q ~ u4u{s\q ~ q b �>u{|
a u d u ~ b m a g��\hjuc0~ 2u b��

p
�
� � J� � 9�n?�9�	x9%L<U�A �A �BF�=
� b ojqtmxqCB�uc0~ 2u b s\g-y 'u d q b hxu}h a g ~ o b hns\u}hxojg ~ � b | b}� q�u}h s�g 0 u}l d q ~ uc0~ 2u b )!&4�,� acb s\g

d g�hjk�|�o�u d gim d g�s\k50~ 2b gih hjq � �\q87 ~ u{ojq�y{u}h s\g acb oz�g�� ~ q�u g�m ~ q d ~ k�q�o b hnq���ojg �ed u}s b h � �
h�org4u}h�.
a g ~ o b g�h�o 'u a\d q�� ~ q a u}|tmxg��/ojg d gi|�u ~ q b �>u{s b ~ b m u ~ d gih ~ g��/org ~ u a u ~ qts\u}s\g s\g qt�/org �ed u 0~ 2u b
gim k\m 'k\�\q ~ b cfeg`-, � )�u a '< ork�| b , � � ��mnuQmnu}q b}d qt�/org �ed uc0~ 2u bQa g d mxq�org u d gis\k�0~ 2u b s>u}h
~ u a u ~ q�o{�u{� ~ qtu}h a u d u{hjq�oru}h � ��g�0~ 2u b � � . � . �p� acbed g 0 giq�o b s>u d g�s\k50~ 2u b s b ~ b m a\d qtmxg��/o b s>u}h
|�q � uc0~ 2b g�h�g��/o d g b h ~ b m acb �\g��/orgih�s b ~ q d ~ k\q o b d g�hjk�|�o�u{�\s b gim k\mnu d g�s\k�0~ 2u b s b ~ b �\h�k\m b
s\g acb oz�g�� ~ q�u � �g 0 u{o b � b h�uzy{u}��0~ b h��>u{hBorg ~ � b | be� qtu}h�s\g 0 u}l d q ~ uc0~ 2u b s b h ~ q d ~ k�q�o b hBq���ojg �ed u .
s b h�y �g�m a g d mnq orqt��s b u d gis\k�0~ 2u b � b o�u}mnu}� 1 b s b h ~ b m a b �\gi��ojg�hi�Ku 0 gpo�u}�\s b�a u d �u}mxgio d�b h
s\g4s\g�h�g�m a gi� 1 b s b h ~ q d ~ k\q o b h ~ b m b 'u d gzu���y}g�| b ~ q�s>u}s\g4g ~ b ��hjk\m b s\g a b oz�gi� ~ qtu � �g
u ~ bed s b ~ b m � @ ��� - 3 � �
hjg b 0 u{o bed s\g gih ~ u}|�uws\g k�m�u ojg ~ � b | b}� q�u4s�g 0 u}l d q ~ uc0~ 2u b 'g d gp.
s\k=B�qts b acbed k�m 0 u{o b}d ��?�� � ��� 5 � m d gis\kABiqts b�a u d u ��� � 5 �Km acbed g�$�g�m a | b �p�Mg��/o 2u b�a u d u
k\mnu d g�s\k�0~ 2u b s>u:orgi�\h 2u b s\g�u}|tq�mngi�/o�uc0~ 2u b:a bed k\m 0 u{o bed , & ����u 'u d gzu 'g d g�s\k=B�qts\u acbed k\m
0 u{o bed , & �  �� b u{o d u}h b 'g d g�s\kABiqts b:acbed k\m 0 u{o bed , & � g b ~ b �\hjk�m b s�g�g��\g dj� qtu 'g d g�s\kABiqts b
a bed k\m 0 u{o b}d , & � � � �gpyegp.�hjgng��/o d gio�u{��o b b l\h�g d y{u d ��k\g ~ b m u d g�s\k�0~ 2u b s b u{o d u}h b � b h
~ q d ~ k\q�o b h a b s\gim bea g d u d g�m k�m�u 0 d gi��kM�g�� ~ q�uxm�u}q�h�g�|�giy{u}s>u b ��k\g:u{k\mngi�/o�u b ~ b �\h�k\m b
s\g a b oz�gi� ~ qtu �

) b m b n1c��W^a`"hgi!s>u�org ~ � b | be� qtu��/k\m�s b h a\d qt� ~ q a u{qth 0 u{o bed gih�s�g d g�s\k50~ 2u b s\g ~ b �\h�k\m b
s\g acb oz�g�� ~ q�u 'g�u d gis\k�0~ 2u b s>u orgi�\h 2u b s\g u}|�qtmxg��/o�uc0~ 2u b u4|tq�mnq org�h�m '< �\q�m b h � ��gih�org ~ b ��.
ojg�$ o b �Gorgim(hjqts b s>u}s\unk\mnungih a g ~ qtu}|5u{orgi��0~ 2u bna u d u�u a�djb s\k�0~ 2u b s\g ~ q d ~ k\q o b h�)!&w��� s\g
k\| o d u l>u}q $�u a b oz�gi� ~ qtu�� b ��s\g u ojg��\h 2u b s\g�u}|tq�mngi��oruc0~ 2u b 'g d g�s�kAB�q�s>uwu4s\gDB�gi�>u}h�s\g�mnq�|tq .
y b |�ojh � � ��	 -=, � � ��	 - 3 � � �@��o d gpo�u}�/o b � a u d u-u�mnu}��k�ojg���0~ 2u b s�gxl b m s�g�hjgim a g�� 1 b s b
~ q d ~ k\q�o b �\g�h�orgihB� '< yegiqth
s\g d gis\k�0~ 2u b s>u�ojg��\h 2u b s�g�u{|tqtmxg��/oruc0~ 2u b �eu�org���h 2u b s\g b4e � mfnfe��A^ !!s b h
o d u}�\h�qth�o bed g�hBoru}m�l 'gim#s\giy}g�hjg d�d gis\kABiqts>u � ����& �}�e�/� � � �"h�o b h�g�s\gpyeg�u b 0 u{o b s\g���k\g a u d u
y{u}| bed gih�s\g�orgi�\h 2u b s�g�u}|tq�mngi��oruc0~ 2u b a\d 'b $�q�m b hnvu�orgi�\h 2u b s\g b"e � mfnfe��A^ !}� b u{o d u}h b ojg��\s�gnu
u}k�mngi��oru d ~ b m b m b h�o d u�u��
��k>u 0~ 2u b . � . � � d g�s�k�0~ 2u b s>u�ojg��\h 2u b s\gQb"e �fmfnfe��A^ ! d g���k\g d k�m�u
m�k�s>u}��0~ u�� b a\d�b ~ g�h�h b s\g 0 u{l d q ~ uc0~ 2u b g a u d �u{mngpo djb h ~ b m b�d k '< s b g!y}u d q�u 0~ 2u b s>u�orgim a g d u .
ojk d u�s\giy}g�mWhjg d ~ b �\hjq�s\g d u}s b h�� b u G�k\h�ojg�s>u�orgi�\h 2u b s\gsb4e � mfnfe��A^ ! a u d u,u,mnu}��k�ojg���0~ 2u b s b
s\gihjgim a g�� 1 b s b h ~ q d ~ k\q o b h!g d gis\k�0~ 2u b s b h�hjg�k�h ~ b �\hjk�m b h�s\g a b oz�gi� ~ qtu �

p
�
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�@h�org ~ u a '< ork\| b u{l bed s b k$u}hno 'g ~ �\q ~ u}hns�g b ojqtmxqCBzu 0~ 2u b s\g a b oz�gi� ~ qtu�k�ojqt|tq8Bzu}s\u}h � b h
s\q 0 g d g��/orgih�� '< y}g�qth�s\g�u}l\h�o d u 0~ 2u b\� ) b m b a �b s\g h�g d�b l�hjg d y{u}s b �Mg $�q�h�ojg�m mnu}q bed gih bea bed ojk�.
�\q�s>u}s\gih a u d u u a |tq ~ uc0~ 2u b s\g o 'g ~ ��q ~ u{h�s\g d g�s�k�0~ 2u b s\g a b oz�gi� ~ qtun� b h�� '< yeg�q�h�mnu}qth�u}| o b h�s\g
u}l�h�o d uc0~ 2u b � u d ��k\q orgiojk d u{|��Gu}| �ebed '< ormxq ~ b ��hjqth�orgim�u}h�� � �"h�o b s\giy qts b u b mnu}q bed!�}d u}k-s\g,|tqtl g d .
s>u{s\g a u d u a\djb G�gpo b h%s\gBl>u}q%$�u acb oz�g�� ~ q�u � ��g�h�ojg�h�� '< yegiqth%s\gBu}l\h�o d uc0~ 2u b �}u�|tq�lcg d s>u{s\g
s b�a\d�b .
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G�gporqth�o�u�g�h�o 'u:�>u,g�$ a | bed uc0~ 2u b s�g�u d � k�q�orgpork d u}h a u d u,l>u}q $\u acb oz�g�� ~ q�u b knmngihjm b �>u,hjqtm a |�g�h
gih ~ b | 1 u�s b mxg�| 1 bed u}| �ebed q orm b ~ b �\hjq�s\g d u}�\s b u}h d g�h�o d q�0~ 2b gih5s�g*��k>u}�/orq�s>u}s\g�s\g�k\�\q�s>u}s\gih5s\g
g $�g ~ k�0~ 2u b g ~ u{mnq�� 1 b ~ d '< orq ~ b\� ��m mngi| 1 b}d!bed 0~ u}mngi�/o b s\g acb oz�g�� ~ q�u a u d uxh�qth�ojg�mnu}h�� ~ b ��.
h�qts\g d u}�\s b�b,�}d u}k s\g � g�$�qtl\q�|tq�s>u}s\g a u d u�u a |tq ~ uc0~ 2u b s b h d g ~ k d h b h
s\g e �%��! � �%�fm5s\q�h a b � '< yeg�| �
'g b k�o djb gi� 0 b ��k\g a\d g�h�g��/org,� b u}|�o b � '< y}g�|Ms\g,u}l�h�o d uc0~ 2u b\� � b h!� '< yegiqth�mnu}qthBl>u}q%$ b h!s�g u{l\h�.
o d uc0~ 2u b � b l\hjg d y b k�."h�g:u k�ojqt|tq8Bzuc0~ 2u b s\g�o 'g ~ �\q ~ u}h�� b h!� '< yeg�q�h!| 'be� q ~ b � o d u}�\h�qth�o bed g�h�g�org ~ � b | b .
� qtu � � b � '< y}g�|5| 'be� q ~ b 0 bed u{m u}l bed s>u}s>u}h�o 'g ~ �\q ~ u}h�y b |�oru}s>u}hxvu d gis\k�0~ 2u b s>u a\djb 0 k\�\s\q�s>u}s\g
| 'be� q ~ u,g d g�s�k�0~ 2u b �\u u{orq y�q�s>u}s\g�s\g ~21 u y}gzu}mxg��/o b s�g ~ q d ~ k\q o b h�| 'b}� q ~ b hBg ~ b m�l�qt�>u ~ q b �\u}qthi�
oru}qth ~ b m b,a\d 'g . ~ b m a k�o�uc0~ 2u b � l>u}|tu}� ~ g�u}mxg��/o b s\g ~ u}mxqt� 1 b h�� b h ~ q d ~ k\q�o b h
g � mRb�`$#?`"hgi � ��h
o 'g ~ ��q ~ u{h k�ojqt|�qCBzu{s>u}h�g�m o d u}�\h�qth�o bed g�h:gi�/y b | yeg�m s\gihjs\g�u hjk\u4hjq�m a |�g�h�o d�b ~ u-s�g a b hjq�0~ 2u b
gim k\mnu d gis\g�s\g ~ q d ~ k\q o b�b k-mxg�h�m b h�g�k-mngi| 1 b}d s\qtmxg���hjq b �>u}mxg��/o b\� � n1c��W^a`"hgi�s>u�org ~ .
� b | be� qtu 0 b q b k�o d�b u}h a g ~ o b u}l bed s>u{s b � b l>u}q $ b � '< yegi|\s\g�u}l\h�o d u 0~ 2u b � a b q�h@u b orq�mnq8Bzuc0~ 2u b s\g
y 'u d q b h%u}h a g ~ o b h�s>u}h<org ~ � b | be� qtu}h<s\g 0 u}l d q ~ uc0~ 2u b )!&w��� acb s\g d gihjk\| o�u d%d gis\k�0~ 2b g�h5hjq � �\q87 ~ u .
ojq�y{u}h!s\g a b oz�gi� ~ qtu�gim ~ q d ~ k\q�o b h!qt�/org �ed u{s b h � � bxa�d 'b $�qtm b ~ u a '< ork�| b hjg d 2u b u a\d�b 0 k\�\s\u}s>u}h
u}h�o 'g ~ �\q ~ u}h�s\g b orqtmxqCB�uc0~ 2u b s\g a b oz�gi� ~ qtu�� b � '< yegi|<u d ��k\q orgiojk d u{| �
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) b m b u}l bed s>u{s b � b )�u a '< ork\| b . ��g $�qth�ojg�q��/org���hru a g�h�� k�qthru,g�mYm 'gio b s b h
s\g a\djb G�gio b
a u d uTl>u{q%$�u a b oz�gi� ~ qtu�� ~ b �\hjq�s\g d u}�\s b b h�s\q 0 g d g��/ojg�h � '< yegiqth�s�g u}l\h�o d u 0~ 2u b s\u]s\g�h ~ d q�0~ 2u b
s b a\djb G�gio b�� +5g�h���k\qthju}h�qt��q ~ qtu}qth�hjg�s�q d g ~ q b �>u d u}m a u d u b h � '< yegiqth,s\g ~ q d ~ k\q�o b h�g a bed o�u}h
| 'be� q ~ u}h � � orgi�\sK�gi� ~ qtu�� b h5s\qtu}h<s\g 1 b G�g 'gBu�qt�/y}g�h�ojq � u 0~ 2u b s\g
o 'g ~ �\q ~ u}h%g�mf� '< yeg�q�h<m�u}q�h<u}|�o b h
s\gnu}l\h�o d uc0~ 2u b s\g a\djb G�gio b h�� a b q�h�ojg�m h�qts b-d g ~ b � 1 g ~ q�s b ��k\g b-acb ojg�� ~ q�u}| a u d u d gis\k�0~ 2u b
s\g a b oz�gi� ~ qtu 'g,m:k\q�o b m�u}q bed ��g�h�ojg�h�� '< y}g�q�h �

�@h�org@o d u}l>u}| 1 b orgim ~ b m b 0 b ~ b o 'g ~ �\q ~ u}hMs�g b orqtmxqCB�uc0~ 2u b s\g a b oz�gi� ~ qtu�� b u}|�o b � '< y}g�|es\g
u}l�h�o d uc0~ 2u b �>g�g�m a u d orq ~ k\|tu d ��� b � '< y}g�|<u d � k�q�orgpork d u}|Kg,s\g�o d u}�\h 0 g d �gi� ~ qtuxs\g d g � q�h�o d u}s bed g�h
� 	� � �

� b � '< y}g�|�u d ��k\q orgpork d u}|�� b ~ q d ~ k�q�o b 'g�s\gih ~ d q�o b gim org d m b h s\g l�| b ~ b h 0 k\� ~ q b �>u}qthi�
s\gih�oru ~ u}��s b b h�s\q 0 g d g��/orgih � '< y}g�qth:s\g ~ b m a |�g�$�qts\u}s\g�g u 0 bed mnu ~ b m b h 2u b q���ojg d |tq � u}s b hi�
~ b m b m b h�o d u�u���q � k d u 3�� , �1�<��� - V � �

Memória Reg Reg

X

+

RegControle

     ENTRADA
   RTL netlist
modelo de potência
vetores de entrada

   SAÍDA
  Datapath
  Controle
  Memória
  Relógio
Interconexão
  Medições:
-Potência média
-Atraso
-Área

��������	�� 3\� , � �"|�k\h�o d uc0~ 2u b s>u}h a\d q�mnq orq y}u{hBs b � '< yeg�|<u d ��k\q�ojgiojk d u}| �

+ b s�gp."h�g b l\hjg d y{u d
a gi|�u���q � k d u 3\� , � k�g�� b � '< yeg�|Gu d ��k\q�ojgiojk d u}|>g $�qth�ojg�m#s b qth a\d q�� ~ q .
a u{qth ~ b m a b �\g��/ojg�h�s\g ~ q d ~ k\q�o b\� � a\d qtmxg�q d�b ~ b m acb �\g��/org 'g b ! �Wb �	, �Wb"e � � k�g 'g ~ b m acb h�o b
a bed m 'b s�k\| b h 0 k\� ~ q b �\u}qth � h b m�u{s bed gih���m:k\|�ojq a |�q ~ u{s bed gih�� d g � qth�o d u}s bed g�h���mngim 'bed q�u � �5��k\g
oz�g�m u{h 0 k���0~ 2b gih�s\g g 0 gpork>u d u}h b}a g d uc0~ 2b g�h�g mnu}�/org d b h d g�h�k\|�oru}s b h s>u{h bea g d uc0~ 2b g�h � �
h�g � k\��s b ~ b m a b �\gi��ojg 'g b ~ b �/o djb |tu}s bed ����k\g � g d u]u hjgi���kK�gi� ~ qtuTs\g hjqt�\u}qthxs\g ~ b �/o d�b |tg
a u d u b ! �Wb �	, �Wb"e ��qt�\s\q ~ u}��s b u}h bea g d u 0~ 2b gih���k\g�s\gpyeg�m#h�g d g�$�g ~ k�o�u{s>u}h acbed ~ u}s>u�k\�\q�s>u}s\g
0 k\� ~ q b �>u}|Kg,u hjgi���kK�gi� ~ qtuxs\u}h�mngihjmnu}h �

� b � '< yeg�|Bu d � k�q�orgpork d u}|��5s\q�y}g d hru}h:o 'g ~ �\q ~ u}h a b s\gim hjg d u a |tq ~ u}s\u}h a u d uwu d gis\k�0~ 2u b
s b ~ b �\hjk�m b s\g acb oz�g�� ~ q�u � � a�d qt� ~ q a u}|!u{ojk>uc0~ 2u b ��g�h�ojg � '< yegi|!g��/y b |�yeg u u a |tq ~ uc0~ 2u b s\g
o 'g ~ ��q ~ u{h � k�g a b h�hru}m d g�s�kAB�q d u ~ u a u ~ q�o �u}� ~ qtuTg 0 gporq y}u ~21 u y}gzu}s\u���giy q o�u}�\s b ."h�g a g d s>u}h
~ b m a k�o�u ~ q b �\u}qth � ��h a g d s>u{h ~ b m a k�o�u ~ q b �>u}qth d g a\d gihjg��/oru}m b s\g�h a g d s '< ~ q b s\g acb oz�g�� ~ q�u
d g�|�u ~ q b �>u}s b vu}h�o d u}��hjq�0~ 2b g�h�org�m a bed 'u d q�u}hi� � iW^a`"bdcfe�mfnp� b k4mngihjm b o d u}�\hjq�0~ 2b gih�| 'be� q ~ u}h�qt�/org d .
mxg�s\q 'u d qtu}h b ~ bed�d qts\u}h�s�k d u}�/ojg u bea g d uc0~ 2u b u d q�orm 'giojq ~ u &{| 'b}� q ~ u �p� b k$vu}h�o d u{�\hjq�0~ 2b gih�| 'b}� q ~ u}h
gim k\�\qts\u}s\g�h bea g d u{orq y{u}h�qt�>u{ojq�y{u}h�� b h ~ q ~ | b h�s\g ~ b m a k�o�uc0~ 2u b s�g b k�o d u{h,k��\qts>u{s\g�h u{orq .
y{u}h�g�m a u d u}|tgi| b\� �
h�o�u}h 0 bed mnu}h�s\g a g d s>u}h ~ b m a k�oru ~ q b �>u}q�h�h 2u bna\djb yegi�\qtgi�/org�h�s\g�uc0~ 2b g�h
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s\gihj�\g ~ gihjh 'u d q�u{h-� b ~ q d ~ k�q�o b ��k\g acb s\gim h�g d gpy�q o�u}s\u}h a g�|�uTu a |tq ~ uc0~ 2u b s\g4o 'g ~ �\q ~ u}h gih�.
a g ~ '< 7 ~ u}h � ��h4o 'g ~ �\q ~ u}h a u d u$giy q�oru d gih�o�u{h a g d s>u{hw� b � '< yegi|�u d � k�q�orgpork d u}|,qt� ~ |tk\gim u
a\d g�h�g d y{uc0~ 2u b s>u ~ bed�d g�|tuc0~ 2u b s b h�s>u}s b h �6&4� F - 9 u � � ��g�h�org u}h a g ~ o b � s\gpyeg ."hjg ~ b �\h�qts\g d u d
��k\g:u�u{ojq�y qts>u{s\g�s\g ~21 uzy}gzu}mxg��/o b 'g,s\g a gi�\s\g��/ojg�s>u ~ bedjd g�|tuc0~ 2u b g��/o d g:s>u{s b h�h�k ~ gihjh�q�y b h
g b u}k\mxg��/o b s>u ~ bedjd g�|�u 0~ 2u b,acb s\g d g�h�k\|�oru d gimYk\m�u,m�u{q bed
d gis\k�0~ 2u b s\g acb oz�g�� ~ q�u � ��k�o djb
a b �/o b qtm acbed o�u}�/ojg-��g�h�ojg4� '< yegi|�s\g4u}l\h�o d u 0~ 2u b 'gwuTu a |tq ~ uc0~ 2u b s\g4k\��qts>u}s�g�h�gih a g ~ '< 7 ~ u}h��
a b qth�g�h�o�u}h ~ b ��h b mxg�m�mngi� b h acb oz�g�� ~ q�uxs b ��k\g:k��\qts>u{s\g�h�s�g a\d�bea 'b h�q�o bn� g d u}|��Gs\gpy qts b vu
gih�o d k�ork d u�m�u}q�h�hjq�m a |tg�h!g b ~ b ��o djb |�g d gis\kAB�q�s bxa u d u h�k acb}d org�s\g a\d�be�ed u}m�u 0~ 2u b\�

��g�h�o�u a u d ojgxs b o d u}l>u{| 1 b hjg d 2u b u}l bed s>u{s>u}h�g�h�o d u o 'g � q�u}h���k\gnoz�g�m a bed�b l G�gporq�y b u
d g�s\k�0~ 2u b s>u�u{ojq�y qts\u}s\g*s�g ~21 uzyegzu{mngi��o b gBo 'g ~ �\q ~ u}h@s\g*o d u}��h 0 bed m�uc0~ 2u b �{� k�g�s�giyegim�g�$ a | b .
d u d u}|�ojg d �>u{orq y{u}h!u d � k�q�orgpork d u}qth*� k�g:u{ojqt�HGju{mX� '< yegiqth�m '< �\qtm b hBs\g ~ b �\h�k\m b s�g a b oz�g�� ~ q�u �

�
�
� 	 J9<L<U�F�LM=@C�?�9 � 9<?�V��Lt�=@AX?�=YD H>F � F�?�=@?�9 ?�9�S ��= � 9%=
IY9%U*H\A

� d g�s\k�0~ 2u b s\u�u{ojq�y qts\u}s\g
s\g ~21 uzyeg�u}mngi�/o b 'g
k\mfs b h a\d qt� ~ q a u}q�h<u}h a g ~ o b h d gi|�u ~ q b �\u .
s b h ~ b m u d g�s\k50~ 2u b s b ~ b �\h�k\m b s\g acb oz�g�� ~ q�u g�m ~ q d ~ k\q�o b hx)!&w���c�
y qth�o b ��k\g-g�h�orgih
~ q d ~ k\q�o b h�s�qthjh�q a u{m a b k ~ uTg���g dj� q�u]hjg4� 2u b g�h�orq yeg d g�m ~21 uzyegzu{�\s b � )�F�� - 5 �!& ��� - 5 �
&4� F - 9 u �K�  5� -E� ��� � d g�s�k�0~ 2u b s>u u{ojq�y qts\u}s\g�s\g ~21 uzyegzu{mngi��o b hjg l>u}hjgiq�uxg�m o 'g ~ �\q ~ u}h
��k\g h�g g�h�ojg��\s�g�m u u}h a g ~ o b h�s\g ~ bed�d gi|�uc0~ 2u b � ��k\g a b s�g�m�g�$�qth�orq d g��/o d g�y}u{| bed g�h�s\g k�m�u
h�g����kM�g�� ~ q�u�orgim a bed u{|>s\g�s>u}s b h � �@hjhjgih�u}h a g ~ o b h*gih�o 2u b d g�|�u ~ q b �>u}s b h ~ b m b,�ed u}kxs\g ~ b m .
a u d orq�| 1 u{mngi��o b gi�/o d g b h d g ~ k d h b h�s�g e �%��! � �%�fm!k�orq�|tqCB�u}s b hi� u g�h ~ b | 1 u�s>u d g a\d g�hjgi�/o�uc0~ 2u b
s b h s>u}s b h � b k bea g d u}��s b h�� ��g $ a | bed uc0~ 2u b s\g ~ bedjd g�|�u 0~ 2b gih s\gwh�qt�>u}q�h�gwmxqt��qtmxqCBzu 0~ 2u b s\g
o d u}�\h�q�0~ 2b g�h�s\gsiW^a`"bdcfeg`"hgi �

�@m h�qt�>u{qth ~ b m a |tgioru}mxg��/org�u{|tgzu o 'bed q b h!u a\d�b l>u}l�qt|tq�s>u}s\g�s\g�o d u}�\hjq�0~ 2u b s\g���k>u{|t��k\g d
l\q o�s b l>u d�d u}mxg��/o b 'g�s\g 5 � � � � b g��/o�u{��o b �%g�m a\d�b ~ g�h�hru}mxg��/o b s\g�hjq��>u}qth�g $�qth�ojgnk�m�u
�ed u}�\s\g ~ bedjd g�|�u 0~ 2u b g��/o d g y{u}| bed g�h ~ b �\hjg ~ k�ojq�y b h g�g�h�o�u ~ bed�d g�|tuc0~ 2u b |�giy{u�u � k�g 1 u!Gju��<g�m
� g d u}| �Ku a g��\u}h�k\m � 'k\mxg d�b d gis\kABiqts b s\g l\q orh�s\q 0 g d g��/orgih,gi�/o d g�y{u}| bed gih ~ b ��hjg ~ k�orq y b h�� b
l>u djd u{mngi��o b\�

6@�����j� � � K 5>#$:1�� �3�B�# K , 8.�1�w2 , o , % = :A/-�./
� b l G�gporq�y b s>u u}l b}d s>u � g�m3s�g�h�oru o 'g ~ �\q ~ u 'g m b h�o d u d ~ b m b b �}d u}k s\g ~ b m a u d .

ojqt| 1 u}mngi�/o b s\g d g ~ k d h b h acb s\g,qt� � k�g�� ~ q�u d �>u u{ojq�y qts>u{s\g s�g ~21 uzyeg�u}mxg��/o b g ~ b �\h�g����k\g���.
ojg�mxg��/orgx�>u s�qthjh�q a u 0~ 2u b s\g acb oz�g�� ~ q�u � ��qth�o b ��k\g�gim k\m�u�qtm a |�g�mxg��/o�uc0~ 2u b s\g ~ q d ~ k\q o b
g $�q�h�ojgnk\mnu g�h ~ b | 1 u-gi�/o d gnk\mnu-u d ��k\q�ojgiojk d u o b oru}|tmxg��/ojg a u d u{|tg�|tu b k�m:k\|�ojq a |�g�$�u}s>u � b
ojg�m acb �@s�g a g��\s\gi�\s b s b b4e �1� � iAe�, � b*s>u u a |tq ~ uc0~ 2u b ��k�m�uwq�m a bed oru}�/orgn� k�g�h�o 2u b 'g hru}l g d
��k>u}|<u d ��k\q�ojgiojk d u a b s\g d g�h�k\|�oru d g�m k\mnu�mxg�� bed u{ojq�y qts\u}s\g�s\g ~21 uzy}gzu}mxg��/o b��

�g a gi�\s\gi�\s b s b orq acb s\g�u a |�q ~ uc0~ 2u b �ck\mnu mnu}q bed�b k mxg�� b}d ��k>u}�/orq�s>u}s\g s�g e �%��!%�
� �%� m a b s�g�h�g d k�orqt|�qCB�u}s>u a u d u d g�u}|tq8Bzu d k\mnu s�giorg d mxqt�>u{s>u,oru d g 0 u � ��gih�ojg�u}h a g ~ o b ��g�$�q�h�org
k\m d g�|tu ~ q b �>u}mxg��/o b g�m#��k\g bea g d uc0~ 2b g�h
mnu}qth d 'u a q�s>u}h a b s\gim�hjg dBd gzu}|�qCB�u}s>u}h@u b ~ k\h�o b s\g
k\mnu�m�u{q bed ��k>u{��ojqts>u{s\g�s�g d g ~ k d h b h � �g b k�o d u 0 bed mnu�� b e �%��! � �%�fm a b s\g�h�g d�d g�k�orqt|�qCB�u}s b
oru}�/o b ��k>u}�/o bxacb hjh '< yegi| ~ b m a\djb mxgiojg��\s b gi�/o d gpo�u}�/o bnb s\gihjg�m a g�� 1 b s b ~ q d ~ k\q o b\�

� ��q � k d u 3\� �-m b h�o d u k\m g�$�g�m a | b k�orq�|tq8Bzu}�\s b u o 'g ~ �\q ~ uws\g ~ b m a u d orq�| 1 u{mngi��o b
s\g d g ~ k d h b h�u a u d ojq d s>u:q�m a |�g�mxg��/o�u 0~ 2u b s\g�s b qth ~ q d ~ k\q o b h ~ b ��oru}s bed g�hi� ~ kHGju{h*hru '< s>u}hBh 2u b
|�q � u}s\u}h gim3l>u djd u{mngi��o b h ~ b m a u d orq�| 1 u{s b h,� b orgim a b � )�F�� - 5 � � ��u a\d q�mngiq d u-qtm a |tg .
mxg��/o�u 0~ 2u b ��k�orq�|tq8Bzu}m ."h�g�l\u djd u}mngi�/o b h a u d u}|�g�| b hBg��\u�hjg � k\�\s>u l>u d�d u}mxg��/o b h�m�k\| orq a |tg $\u .
s b h�� b ojg�m acb��

+5u d u�u u d ��k\q�ojgiork d u s\g�l>u d�d u}mxg��/o b h a u d u}|tgi| b h�m b h�o d u{s>u��>u���q � k d u 3�� � � u �p��org�m .
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��������	�� 3\� � � �;$�g�m a | b s\g�gih�o d k�ork d u}h�s\g ~ b m a u d orq�| 1 u}mxg��/o b s\g�l>u d�d u}mxg��/o b h �

h�g�s b q�hBl\u djd u}mngi�/o b h�hjg a u d u{s b h b}a g d u}�\s b �>u mxg�h�m�u 0 d gi���kK�gi� ~ qtu � � ) b �\hjq�s\g d u}�\s b k�m�u
ojg��\h 2u b 7)$\u��<�
u a b oz�gi� ~ qtu ~ b �\hjk�mnq�s>u �\g�h�o�uTu d ��k\q�ojgiojk d u 'g�s>u}s>u a gi|�u �@��k>uc0~ 2u b 3\� , �
b ��s\g � � � � � h �'� �)� n nfe �%� `"hgi � d g a\d gihjgi��oru u ~ u a u ~ q�o{�u{� ~ qtu 0 '< hjq ~ u acbed l\q oBs�g � / ����g � / ���
g � 2 'g�unu{ojq�y qts\u}s\g�s\g�o d u}�\h�q�0~ 2u b�a u d u b l\q o ` �

� h �'� �)� n nfe �%�R`"hgi ? ,
� �

�
2
� 2 � � � � � �  � #

,
� �

�
2
� 2 � � � � � �  �@? � � 2

� 2 � � � � � �  � � 3\� , �

�gpyeg ."hjg b l\hjg d y{u d ��k\g u u{ojq�y qts>u{s\g 'gws>u{s>u g�m 0 k���0~ 2u b s\u]hru '< s>u]s b h ~ q d ~ k\q�o b h
~ b �/o�u}s b}d g�hi��orgi�\s b .�hjg �\gih�ojg ~ u}h b *�� 2 � 2�? � , #�, &}� #�, & 3 #�, &<V #	�
�
� #�, & , �WV �
a u d u ~ b �/o�u}s bed gih�s\gYVnl\q orh � ) b ��hjqts�g d u{�\s b ��k\g b l\q o�mxg�� b h�h�q � �\q%7 ~ u orq�y b s b ~ b �/oru}s bed
~21 uzy}g�q�u u ~ u}s\u ~ q ~ | b s\g d g�| 'b}� q b �eojg�m ."h�g���k\g ~ u}s>u�l>u d�d u}mxg��/o b org d 'u:�\u:m 'gis\q�u,k\m#o b oru}|
s\g,u a�djb $�qtmnu}s>u}mxg��/org�s\k>u}h!o d u}�\h�q�0~ 2b g�h acb}d ~ q ~ | b s\g d gi| 'be� q b\�

+5u d u!u!q�m a |�g�mxg��/o�u 0~ 2u b s\g
l>u djd u}mxg��/o b ~ b m a u d ojqt| 1 u}s b m b h�o d u{s>u��>u!��q � k d u 3\� � � l�� �
ojg�m ."hjg�k\m 'k\�\q ~ b l>u djd u{mngi��o b ~ b m k\mnu ~ u a u ~ q�o �u}� ~ q�u � � � � �)� n nfe �%� `"hgi � � � k�g 'g ~21 uzyegzu{s>u
� b s b l d�b s>u 0 d gi���kK�gi� ~ qtu � � ��g�h�ojg ~ u{h b � b ~ b �\hjk�m b s\g a b oz�gi� ~ qtuxs�g�h�oru�qtm a |�g�mxg��/o�uc0~ 2u b
'g�s>u}s b s�g u ~ bed s b ~ b m ux�@��k>uc0~ 2u b 3\� � �

� �)� n	� nfe �%�R`"hgi ? ,
� �

�
2
� 2 � � � � �  � � ? � � 2

� 2 � � � � �  � � 3\� ���

��u4qtm a |�g�mxg��/o�uc0~ 2u b s\g l>u d�d u}mxg��/o b ~ b m a u d orq�| 1 u}s b �%uwu{orq y qts>u}s�g�g�m 0 k\��0~ 2u b s>u
hju '< s>u s b h ~ b ��oru}s bed g�h 'g s>u{s>u acb}d * � 2 ?�� � , # , &e� # , & 3 #�, &WV #��
�
� # , & , �WV � �
ojg��\s b ."hjg�k\m � 'k�mng djb m 'g�s\q b s�g u a\djb $�qtmnu}s>u}mxg��/ojg 3 o d u}��hjq�0~ 2b g�hxs\g�l>u d�d u}mxg��/o b a bed
~ q ~ | b s\g d gi| 'be� q b\�

�gpyeg ."hjg�� b oru d ��k\gTu ~ u a u ~ q�o{�u{� ~ qtuQs\g l>u d�d u}mxg��/o b ~ b m a u d orq�| 1 u{s b � � � � ��h�g d 'u
mnu}q b}d s b ��k\g�u ~ u a u ~ q�o �u}� ~ q�u�s\g:l>u djd u{mngi��o b h a u d u}|�g�| b h � � � � � � � �"h�o b h�g:s\gpyeg�unmnu}q bed
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��k>u}�/ojqts>u}s�g�s\g�q��/org d ~ b ��g�$ 2b g�h!��g ~ gihjh 'u d qtu}h a u d u�u:qtm a |�g�mxg��/o�uc0~ 2u b s\g�l>u d�d u}mxg��/o b ~ b m .
a u d orq�| 1 u{s b ��org���s b ."h�g s�g�h�oru 0 b}d mnu���k\m m�u}q bed ~ b m a\d q�mngi��o b s b h�7 b h �

� g $�g�m a | b s\u4��q � k d u 3\� �-m b h�o d u ��k\g u4qtm a |tgimngi�/o�uc0~ 2u b s\g l>u d�d u}mxg��/o b h a u d .
u}|�g�| b h�u a\d g�hjgi�/o�u unmxg�� bed u{orq y�q�s>u}s\g�s\g ~21 uzyeg�u}mngi�/o b\� �@hjhjg:g�$�g�m a | b o�u}m:l 'g�m m b h�o d u
��k\g b ~ b m a u d orq�| 1 u}mxg��/o b s\g d g ~ k d h b h�� b org�m a b�a b s\g m b s\q%7 ~ u d h�q � �\q%7 ~ u orq�y{u}mxg��/ojg u
~ u d u ~ org d '< h�orq ~ u s b h�h�qt�>u}q�h�� ~ u}k\hju}�\s b k\m q�� ~ d g�mxg��/o b �>u�u{ojq�y qts>u{s\g�s\g ~21 uzyeg�u}mxg��/o b g}�
~ b �\hjgi���k�g��/orgimngi��ojg}� �>u s\qth�hjq a uc0~ 2u b s�g a b oz�g�� ~ q�u �

�@m�l bed u b g $�gim a | b m b h�o d u{s b gim �6)�F�� - 5 � � �5q � k d u 3\� ��� a u d u ~ q d ~ k�q�o b h ~ b �/o�u .
s b}d g�h,u a b �/org a u d u k\mnu mngi� bed s\q�hjh�q a uc0~ 2u b s\g a b oz�gi� ~ qtu��\u�q�m a |tg�mxg��/oruc0~ 2u b s\g�l>u djd u .
mxg��/o b h a u d u}|�g�| b h�� gih�org 0 u{o b�acb s\g
� 2u b hjg d g a giorq dMa u d u ~ q d ~ k\q o b hMmnu}q b}d g�h � �
m � ���,& - V � �
a bed g�$�g�m a | b � a b s\gp.�hjg b l\hjg d y{u d k�m#g�h�ojk\s b ~ b m a u d u{ojq�y b s\g�u d ��k\q orgpork d u}hBl\u}hjg�u}s>u}hBg�m
l>u djd u{mngi��o b hxg4g�m m:k\|�ojq a |�g�$�u}s bed g�h a u d uTu a |tq ~ uc0~ 2u b gim mxq ~ djbea�djb ~ g�h�hru}s bed gih � ��gih�org
o d u}l>u{| 1 b 'gxm b h�o d u}s b ��k\g ~ b m u-q�m a |tg�mxg��/oruc0~ 2u b s�gnk\m ~ q d ~ k\q o b qt�/org �ed u{s b s�gxojg�h�ojg}�
u u d � k�q�orgpork d u l>u}hjg�u}s>u g�m m:k\|�ojq a |�g�$�u}s bed g�h u a\d gihjg��/o b k$k�m�u d gis\k�0~ 2u b s�g-s�qthjh�q a u 0~ 2u b
s\g a b oz�gi� ~ qtuxs\g ~ g d ~ u�s\g . � � � ~ b m a u d u}s>uwvunu d ��k\q�ojgiork d unl\u}hjg�u}s>ungim(l>u djd u}mxg��/o b\� �
mnu}q b}d ~ b �\hjk\m b s\g acb oz�g�� ~ q�u b l\h�g d y}u{s b a u d u,u�qtm a |tgimngi��oruc0~ 2u b l>u}hjg�u}s>u�g�m�l\u djd u}mngi��.
o b h 'g�u{o d qtl\k '< s b u b ~ b m a\d qtmxg��/o b s\u}h�hjk>u}h�|�qt� 1 u{h �

�@h�org�h d g�hjk�|�o�u{s b h�m b h�o d u}m � k�g u h�g�|tg 0~ 2u b 'b ojqtmnu4s\g-u d � k�q�orgpork d u}h l>u}h�gzu}s\u}h�g�m
l>u djd u{mngi��o b h b k�m�k\| orq a |tg�$�u}s bed gih 'g�k�m�u ~ b �\h�qts\g d 'u{y}g�|\s�g ~ q�h 2u b g�mPorg d m b h�s\g�s�qthjh�q a u 0~ 2u b
s\g a b oz�gi� ~ qtu gx� k�g u d g�s\k50~ 2u b s\g�|�qt� 1 u{h,s�gnl>u djd u{mngi��o b h 'gnk\m s b h ~ u}mnq�� 1 b h a u d u u
d g�s\k�0~ 2u b s>u acb oz�g�� ~ q�u � | b l>u}|cs\g ~ q d ~ k\q o b h!q��/org �}d u}s b h �

6@����� & � S, �;� 2��./ 2 , � �+2> $4 % # �% �#$� ,gK � #$:�:A# KJ, 89�1�./
�$m�u{�\g�q d u�mnu}qth ~ b m�k\m s\g ~ b m�k\�\q ~ uc0~ 2u b s\g�s\u}s b h@gi��o d g�s�q 0 g d g��/orgih cfeg`-,�n%g�m k\m

~ q d ~ k\q�o b qt�/org �ed u{s b �Mhjgim u�k�orq�|tqCB�uc0~ 2u b s\g ~ b s\q87 ~ uc0~ 2u b � 'g�u o d u{�\hjmxqth�h 2u b g d g ~ g a 0~ 2u b s b h
s>u{s b h��>uxh�k>u d g a\d g�hjgi�/o�uc0~ 2u b bed q � q��>u}| � � g d u}|tmxg��/ojg,gim(l\qt� 'u d q b �*h b l d g k�m ~ b �HG�k���o b s\g
h 7 b hi� ~ b m b m b h�o d uxu���q � k d u 3\� . � u � � � q�s 'g�qtu�s\g�k�orq�|tq8Bzu d k\m g�h���k\g�mnuxs�g ~ b s\q%7 ~ u 0~ 2u b
a u d u u d gis\k�0~ 2u b s>u�u{ojq�y qts\u}s\g�s\g ~21 uzy}gzu}mxg��/o b �>u}h�|�qt� 1 u{h�s b l>u d�d u}mxg��/o b � 'g�m b h�o d u}s>u
�>ux��q � k d u 3�� . � l��p� b ��s\g�hjg b l\hjg d y{un��k\g u�m�k\s>u}�50~ u�s\g d g a\d g�h�g��/o�uc0~ 2u b s b h�s\u}s b h acb s\g
h�g dxb l�orq�s>u u b ~ k\h�o b s\g-k\m e �%��! � �%� m u{s\q ~ q b �>u{| a u d u ~ b s\q%7 ~ u 0~ 2u b & s\g ~ b s\q%7 ~ u 0~ 2u b s b h
s>u{s b h � ��g�h�org ~ u{h b � b l\h�g d y{u .�hjg a g�|tu]��q � k d u 3\� . � l���� k�g 1 'u u a b hjh�qtl\q�|tqts\u}s\g-s\gwk�ojq .
|�qCBzu 0~ 2u b s\g�k\mW� 'k\mxg d�b s\q 0 g d gi��ojg�s\g�|�qt� 1 u}hB� b l>u d�d u}mxg��/o b � # 7 b h��Bg��/o d g�u}hBgio�u a u}h�s\g
~ b s\q%7 ~ u 0~ 2u b & s\g ~ b s\q%7 ~ u 0~ 2u b s b h�s\u}s b h �

�g]u ~ bed s b ~ b m �6)�F�� - 5	� � b � 'k�mng djb s\g |�qt� 1 u}h4��k\g 'g]k�ojqt|�qCBzu{s b � b h l>u djd u .
mxg��/o b h-gih�o 'u d gi|�u ~ q b �\u}s b ~ b m b h orq a b h s\g o 'g ~ �\q ~ u}h u a |�q ~ u}s>u}h �\u}h gpo�u a u}h s�g ~ b s�q .
7 ~ uc0~ 2u b &{s\g ~ b s\q87 ~ uc0~ 2u b s b h s>u}s b h:g a b s\gim h�g d ~ |�u}h�hjq%7 ~ u}s\u}h:gim d g�s\k\��s>u}�/orgih b k]� 2u b
d g�s\k\��s>u}�/orgih � ��m(g�h�� k�g�mnu�s\g ~ b s�q87 ~ uc0~ 2u b 'g ~ |�u}h�hjq%7 ~ u}s b ~ b m b � 2u bnd g�s�k\�\s>u}�/ojg�hjg #

�
h>��g b hB� � g�|tgimngi�/o b h@s b ~ b �HG�k\�/o b s\g h}."l�q�o@s>u a u{|�uzy d u�s\g�s>u}s b h
h 2u b mnu a g�u}s b h@gi�/o d g

gih�o�u{hn|�qt� 1 u{h � �g b k�o d u 0 bed m�u�����k>u}�\s b # � h>� b g�h���k\g�mnuTs\g ~ b s\q87 ~ uc0~ 2u b u a\d gihjg��/oru
d g�s\k\��s5�u}� ~ q�u�� a b q�h�u}h�� � 'k\�\q ~ u}h a u}|tu y d u}h�s\g�s\u}s b h�h 2u b mnu a g�u}s>u}h a u d unk\m ~ b �HG�k\�/o b
mnu}q b}d s\g�� F a u}|tu y d u}h
s\g�s\u}s b h a u d u h�g d gim�o d u}�\hjmxq�ojqts>u{h a gi|�u}h
|tq�� 1 u}h@s b l>u djd u{mngi��o b\�

� mnu a gzu}mxg��/o b s b h�s\u}s b h:u4hjg d g�m o d u}�\hjmxq�ojqts b h a b s\g hjg d�d g�u}|tq8Bzu}s b s\g�s\q 0 g d .
gi��ojg�h 0 b}d mnu}h���s�g u ~ b}d s b ~ b m b orq acb s\g�o 'g ~ ��q ~ u � k�g 'g�g�m a\d g � u}s\u � � y{u}�/oru � g�m s\g
~ u}s>uQo 'g ~ �\q ~ u$g�h�o 'uNu{hjh b ~ qtu}s>uQu b ojq a b s�gTmnu a g�u}mxg��/o b s b h-s>u}s b h4��k\g 'g d g�u}|tq8Bzu}s b �
u}h�hjq�m ~ b m b vu �\g ~ g�h�hjq�s>u}s\g b kZ� 2u b s\g k�ojqt|�qCBzu 0~ 2u b s�g mngim 'bed q�u]u{hjh b ~ qtu}s>u u b ~ b s\q%7�.
~ u}s bed &{s\g ~ b s�q87 ~ u}s bedi�

�q yeg d hru{h�o 'g ~ �\q ~ u}h�s\g ~ b s\q87 ~ uc0~ 2u b a u d u d gis\k�0~ 2u b s\g a b oz�gi� ~ qtu h 2u b u a\d g�hjgi�/o�u}s>u{h
gim � �  5� -E� � � b �\s�g 'g!m b h�o d u{s b � k�g ~ u}s>u�o 'g ~ �\q ~ u acb s\g d g�s\kABiq d@b ~ b �\hjk\m b s\g acb oz�g�� ~ q�u
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TRANSMISSÃO RECEPÇÃO

n

(a)

(b)

�5���,��	�� 3\� . � �
h���k\g�mnu}h�s\g�o d u{�\hjmxqth�h 2u b g d g ~ g a 0~ 2u b s\g�s>u}s b h�gim l>u d�d u}mxg��/o b\�

a bed q�� 0 bed m�uc0~ 2b g�h,o d u}�\hjmxq�ojqts>u{h gim |�qt� 1 u{h:s\g l\u djd u}mngi�/o b h�s�g ~ b m:k\�\q ~ uc0~ 2u b ~ b m g�|�gp.
y{u}s b h�y{u}| b}d g�h�s\g ~ u a u ~ q�o{�u{� ~ qtu ~21 uzyeg�u}s>u � � d g�s\k50~ 2u b s\g acb oz�g�� ~ q�ux� b h�l>u djd u{mngi��o b h 'g
b l�orqts\u u a u d ojq d s>u d gis\k�0~ 2u b s\unu{ojq�y qts\u}s\g�s\g�o d u}�\h�q�0~ 2u b s b h�s>u}s b h �

6@����� &+��� � � 2� $4 % # �% �#U��� � ������� �

�@h�oru�o 'g ~ �\q ~ u�k�ojqt|�qCBzu�k\m�g�h�� k�g�mnu s\g ~ b s\q%7 ~ uc0~ 2u b d g�s\k\��s>u}�/org ~ b m b m�u a gzu{mngi��o b s\g
k\m a u d uTk\m g��/o d g b h h}.�l\q�ojh�s>u a u}|�uzy d u�s\gws>u}s b h uTh�g d g��/y q�u{s>uTg b h # l\q�ojh s>u}h
a u{|�uzy d u}h!s\g,s>u}s b h�� k�g h 2u b o d u}��hjmxq�orq�s>u}h � � ~ b �\g $ 2u b g��/o d g b h�s\q 0 g d g��/ojg�h?cfeg`-,�n 'g 0 g�q o�u
k�ojqt|�qCBzu{�\s b .�hjg = ? � � 7 b h���g k\mnu a u}|�uzy d u s\g s>u{s b h�s\g h$l�q�orh 'g ~ b s\q%7 ~ u{s>u a u d u
o d u}�\h�mnq�hjh 2u b �%u{o d uzy 'gih s\u ~ b | b ~ uc0~ 2u b s b � '< y}g�|
| 'be� q ~ b , � b ` . 'gihjqtm b 7 b �%g�� '< y}g�|
| 'be� q ~ b �
� b hB#�. , 7 b h d gih�o�u{��ojg�hi� b �\s�gn�	�s`
��� � . , 'g b y{u}| bed l\q�� 'u d q b ~ bed�d gih a b �\s\gi��ojg u b�a u{s d 2u b
s b h�l�q�orh�u�o d u}�\h�mnq orq d��

�@m�l bed u�g�h�oru�o 'g ~ �\q ~ u a b hjhju a\djbea bed ~ q b �>u d k\mnu �ed u{�\s\g d gis\k�0~ 2u b �>u�u{ojq�y qts\u}s\g�s\g
~21 uzy}gzu}mxg��/o b ��u�hjk>u �ed u}��s\g�s\gih�y{u}�/o�u � g�m hjg d g 0 g d g vu���k>u{��ojqts>u{s\g�s\g 7 b h��\g ~ gihjh 'u d q�u���k\g
'g a�djbea bed ~ q b �\u}|�u � � � �g:u ~ bed s b ~ b m �6)�F�� - �}u � � a u d u h ?QV�� g�h�oru�o 'g ~ �\q ~ u a b hjh�qtl\q�|tq�oru
k\mnu d gis\k�0~ 2u b s�g � 5	� �>u�u{ojq�y qts>u{s\g�s\g ~21 uzyeg�u}mxg��/o b �{g��/o d gioru}�/o b h 2u b �\g ~ g�h�h 'u d q b h # ?�� 5+9
7 b h a u d u�u ~ b s\q87 ~ uc0~ 2u b s>u a u}|�uzy d u �

6@����� &+�'& � � 2� $4 % # �% �#U���������� ��� ��� �

��g�h�ojgnm 'gio b s b s�g ~ b s\q%7 ~ u 0~ 2u b �<u a u}|tuzy d u-s�gxs\u}s b h a b s\g�h�g d qt�/yeg d orq�s>u�g�o d u}��hjmxq�orq�s>u
~ u}h b q�h�o b�d g a\d gihjg��/ojg,k�m�u d g�s�k�0~ 2u b s b � 'k\mxg djb s\g�o d u}�\h�q�0~ 2b g�h �6�� %� - 5 � � ��gih�org�m 'gio b s b �
k\mnu |tq�� 1 u�s�gxl\u djd u}mngi�/o b g�$ o d u�� ~21 u}mnu}s>u `"h��Wm	� b � 'g k�orqt|�qCB�u}s>u a u d u qt��s\q ~ uc0~ 2u b s\u�q���.
y}g d h 2u bxb k � 2u b s>u a u}|�uzy d u�s\g�s>u{s b h �

�#m 'gio b s b ~ u}| ~ k\|�u�u s\qth�o{�u}� ~ q�u�s�g 
 �%# #?`"hgi:gi��o d g�s\k>u{h a u}|�uzy d u{h ~ b ��hjg ~ k�orq y{u}h��
b k h�g Gju���yeg d q%7 ~ u .�hjg u]��k>u}�/ojqts>u}s�gws\g l\q orh s\q 0 g d g��/orgih � b l>u d�d u}mxg��/o b ~ b m acb h�o b]a bed
h |tq�� 1 u}h � ��g u s�qth�o �u}� ~ q�uws\g 
 �%# #?`"hgi�gi��o d g u a\d 'b $�q�m�u a u{|�uzy d u g-u a u}|�uzy d u u{ojk>u}|
o d u}�\h�mnq orq�s>u 'g�mngi� bed!b k-q � k\u}|Mu�h &e���Gu a\d 'b $�q�m�u a u{|�uzy d u 'g�o d u}��hjmxq�orq�s>u��>u�hjk>u 0 bed m�u
bed q � q��>u}| � ~ b m u |tq�� 1 u g $�o d uP`"h��Wm	� b�q � k>u}|�u�� � �g b k�o d u 0 bed mnu�� ~ u}s>u l\q�o�s>u a\d 'b $�q�m�u
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a u{|�uzy d u�s\g�s>u}s b h 'g�qt�/yeg d ojqts b g�u |tq�� 1 u:g $�o d u�`"h��Wm	� b 'g�q � k\u}|Ku , �\q��\s\q ~ u}�\s b � k�g 1 b k�yeg
m�k�s>u}��0~ u�s�g d g a\d g�h�g��/o�uc0~ 2u b s>u a u{|�uzy d u s\g�s>u}s b h�o d u}��hjmxq�orq�s>u �

��m g $�gim a | b s\gxu a |�q ~ u 0~ 2u b s b ~ 'b s\q �eb �)� n	�d`"h��Wm	� b a b s\g h�g d y qth�o b �>u���q � k d u 3\� 3 �
a u d uwk\mnu a u}|tu y d uws\g s>u}s b hxs�g�Vwl\q�ojh ~ b m k\m3l\q o g�$ o d u s\g�qt�\s�q ~ u 0~ 2u b s�g qt�/yeg d h 2u b
s>u a u}|�uzy d u � ��u]��q � k d u 3\� 3 � b l\h�g d y{u .�hjg k\mnu d g�s\k�0~ 2u b s\g ��k>u}h�g 3 � � �>u u{ojq�y qts\u}s\g
s\g�o d u}��hjq�0~ 2u b � ~ b m u u a |tq ~ uc0~ 2u b s>u ~ b s\q%7 ~ u 0~ 2u b �)� n	�d`"h��Wm	� b �Kq�� ~ |�k\qt��s b u |tq�� 1 u�g $ o d u s\g
q��\s\q ~ uc0~ 2u b s\g�qt�/yeg d h 2u b s>u a u}|tuzy d u�s\g�s>u}s b h �

00101010
00111011  2
11010100  7
11110100  1
00001101  6
01110110  6
00010001  5
10000100  4

00101010 0  
00111011 0 2
00101011 1 2
00001011 1 1
00001101 0 3
10001001 1 3
00010001 0 4
10000100 0 4

Codificação Binária:
   31 transições

Codificação Bus-Invert:
     19 transições

invert

��������	�� 3\��3 � �;$�gim a | b s\g,u a |�q ~ u 0~ 2u b s b ~ 'b s\q �}b	�)� n	�d`"h��Wm	� b �

� a gihru d s>u�o 'g ~ �\q ~ u �)� n	�d`"h��Wm	� b�hjg d s\gBhjq�m a |�g�h5u a |�q ~ u 0~ 2u b ~ b m ~ b �\h�qts\g d 'u{y}g�qth%y{u}| bed g�h
s\g d g�s\k50~ 2u b s\g�u{ojq�y qts>u{s\g�s\g!o d u}�\h�q�0~ 2u b � b�a\djb ~ gihjhju}mngi�/o b s>u�s\qth�o{�u}� ~ q�u�s\g 
 �%# #?`"hgi�g���.
o d g a u}|�uzy d u{h%h�k ~ gihjh�q�y{u}h��\g ~ gihjhjq o�u�s b k\h b s\g�k\mnu���k>u{��ojqts>u{s\g ~ b �\h�qts\g d 'u{y}g�|�s�g\e �%��! � �%� m �
�gih�o�u 0 bed m�u���g�h�o�u o 'g ~ �\q ~ u�hjg�o bed �>u�s\g�s\q 0 '< ~ qt|cu a |�q ~ uc0~ 2u b gim �ed u}�\s\gih�l\u djd u}mngi�/o b h �

6@����� &+�'0 � � 2� $4 % # �% �#U� � :�# �
��m s b h<m 'gio b s b hMs\g ~ b s\q87 ~ uc0~ 2u b mnu}q�hKk�orq�|tq8Bzu}s bBa u d u d g�s\k50~ 2u b s>u�u{orq y�q�s>u}s\g�s\g@o d u{�\hjq�0~ 2u b
gim l>u d�d u}mxg��/o b s\g-g���s\g d g�0~ b h 'g-u k�orqt|�qCB�uc0~ 2u b s\g ~ 'b s\q �eb �ed u;� �6&4� F - 9 l � � �
m k�m�u
h�g����kM�g�� ~ q�u-s\g ~ b �/o�u � gim g�m ~ 'b s�q �eb-�ed u;��u a g��>u{h:k\m l\q o:m:k\s>u s�g d g a\d gihjgi��oruc0~ 2u b g���.
o d g y{u}| bed gih ~ b �\h�g ~ k�orq�y b h�� acb s\g���s b a\d�b s\k=B�q d �cs�g�h�oru 0 bed m�u��Gk\mnu d g�s\k50~ 2u b gim u o 'g 5 � �
� b � 'k\mxg d�b s\g o d u{�\hjq�0~ 2b gih-gim d gi|�uc0~ 2u b u b ~ 'b s�q �eb l\q�� 'u d q b � ~ b m b m b h�o d u b g�$�g�m a | b
s>u-��q � k d u 3\� 5�� �gih�oru 0 bed m�u��%u-k�orq�|tqCB�uc0~ 2u b s\g�h�org ~ 'b s\q �eb h�gxo bed �\u qtm a bed oru}�/org a u d u u
d g�s\k�0~ 2u b s\unu{ojq�y qts\u}s\g�s\g ~21 uzyegzu{mngi��o b ��k>u}�\s b b h�s>u}s b h�h 2u b h�g����k\g�� ~ q�u}q�h b k4u a�d g�h�g���.
oru}m k\m u}|�o b �ed u}k�s\g ~ b}djd gi|�uc0~ 2u b\�

�@m�l bed u b ~ 'b s\q �eb��ed u;�nu a\d g�h�g��/org�k�m�u �ed u{�\s\g d g�s�k�0~ 2u b � b � 'k�mng djb s\g�o d u}�\h�q�0~ 2b g�h
g�� 2u b �\g ~ g�h�hjq�ojg�s\g��\gi� 1 k\m�u |tqt� 1 u�s\g�l\u djd u}mngi�/o b u}s\q ~ q b �\u}| a u d u,h�k>u:u a |tq ~ uc0~ 2u b �/s\gpyegp.
h�g b l\h�g d y}u d ��k\g u ~ b �/yeg d h 2u b s\g d g a\d g�h�g��/o�uc0~ 2u b g��/o d g gih�org ~ 'b s\q �eb g b ~ 'b s\q �eb l\q�� 'u d q b
h�g�o bed �>u ~ b m a |tg�$�u � � ~ b �/yeg d h 2u b s b ~ 'b s�q �eb l\qt� 'u d q b a u d u b ~ 'b s�q �ebw�}d u;� 'g�g 0 giojk>u}s>u
s\g-u ~ bed s b ~ b m u}hx�@��k>uc0~ 2b g�h 3\� . g 3\� 3 � )�F�� - 5 � � b �\s�g � ? ��� � 9 �p� � � 9  � �
�
� � � �p� � � � 'g�ud g a\d g�hjgi�/o�uc0~ 2u b l\qt� 'u d q�u-g � ? � � � 9 � � � � 9  � �
�
� � � � � � � � 'g u d g a\d g�h�g��/o�uc0~ 2u b g�m ~ 'b s�q �ebw�}d u;�
s b � 'k\mxg d�b\�

� � 9 � ? � � 9 � � 3\� . �
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00000100
00000101  1
00000110  2
00000111  1
00001000  4
00000110  3
00000111  1
00001000  4

00000110  
00000111 1
00000101 1
00000100 1
00001100 1
00000101 2
00000100 1
00001100 1

Codificação Binária:
   16 transições

Codificação Gray:
   8 transições

�5���,��	�� 3\� 5 � � $�gim a | b s�g u a |tq ~ uc0~ 2u b s b ~ 'b s�q �eb �ed u;� �

� 2 ? � 2�� ��� � 2 � � ? � � � ��� � � 3\� 3 �
) b m b�acb s\g�hjg d y qth�o b�a gi|�u}h%�@��k>uc0~ 2b g�h 3\� . g 3\� 3 �{u ~ b ��y}g d h 2u b s b ~ 'b s\q �eb l\q�� 'u d q b g�m

~ 'b s\q �}b �ed u;� ~ b �\h�qth�ojg�g�m d g a giojq d!b l\q�o�m�u}q�h�hjq � �\q%7 ~ u{ojq�y b s>u a u}|�uzy d u�l�qt� 'u d q�u:g�k�orqt|�qCB�u d
bea g d uc0~ 2b g�h*| 'be� q ~ u}h �������-g��/o d g�o b s b h b h*l�q�orh ~ b �\hjg ~ k�ojq�y b h�s>u a u}|�uzy d u � � ~ b ��y}g d h 2u b s b
~ 'b s\q �}b �ed u;�4g�m ~ 'b s\q �}b l\qt� 'u d q b 'g m b h�o d u}s>u �>u}h��@��k>uc0~ 2b g�h 3\� 5 g 3\��9�� �@h�oru ~ b �/yeg d h 2u b
oru}m�l 'gim 'g d gzu{|tqCB�u}s>uwk�ojqt|�qCBzu{�\s bwbea g d uc0~ 2b g�h�| 'be� q ~ u{h ���������Bg��/o d gio�u{��o b s�g-k�m�u 0 bed m�u
mnu}qth ~ b m a |�g�$�u � �@h�oru m�u}q bed ~ b m a |tg $�qts>u}s�g:g�h�o 'u u}h�h b ~ qtu}s>u u b mnu}q bed ~ u}mxqt� 1 b ~ d '< orq ~ b
b l�hjg d y{u}s b ��g�h�oru ~ b ��y}g d h 2u b � a gi| b 0 u{o b s b l\q�o�uxh�g d ~ b �/yeg d ojqts b s�g a g��\s\g d s bnd gihjk\| o�u}s b
s>u ~ b �/yeg d h 2u b u}�/org d q b}d��

� � 9 � ? � � 9 � � 3\� 5 �

� 2 ? � 2�� ��� � 2 � � ? � � � ��� � � 3\��9 �
� ~ 'b s\q �eb��ed u;��orgimfhjq�s b u a |tq ~ u}s b g�mf|�qt� 1 u}h<s\gBgi�\s\g d g�0~ b h�s\g ~ 'b s�q �eb h a u d u�u ~ gihjh b h

s\g�s>u{s b h�g q��\h�o d k�0~ 2b g�h a u d u d g�s�k�0~ 2u b s>u u{orq y qts>u}s�g s\g ~21 uzyegzu{mngi��o b\� �@m �6��� - 5 � 'g
b l�hjg d y{u}s b ��k\g b k�h b s\g ~ 'b s\q �eb �ed u�� g�m�g���s\g d g�0~ b h�s\g�mxg�m 'bed qtu}h)c��gcfe�m acb s\g d g�s\kABiq d
b ~ b �\hjk\m b s\g acb oz�g�� ~ q�u g�m u{o 'g . � � �>u}hkc��gcfe�mfnBs\g�qt�\h�o d k�0~ 2u b��

6@����� &+�76 � � 2� $4 % # �% �#U��� � ���
	

�@h�ojg m 'gio b s b s\g ~ b s\q%7 ~ u 0~ 2u b qts\gi��ojq87 ~ u4u ~ bedjd g�|tuc0~ 2u b s\g k�m�u-s\giojg d mxqt�\u}s>u h�g����kK�g�� ~ q�u
s\g�s>u{s b h���k\g 'g�o d u}��hjmxq�orq�s>u a g�| b l\u djd u}mngi�/o b � � ��� -E� ���

�Zgih�o d u{o 'g � q�u 'g�k�orq�|tq8Bzu}s>u�u a u d orq d s\g�k�m b ���gcfm@s�g�g $�g ~ k�0~ 2u b o '<ta q ~ b s b l>u djd u}mxg��/o b
s\g�gi�\s\g d g�0~ b h�u hjg d ~ b s\q87 ~ u}s b\� ��g�h�org ~ u}h b �*gih�org-g�h���k\g�mnu s�g ~ b s�q87 ~ uc0~ 2u b q�s\g��/orq%7 ~ u
a b hjh '< y}g�qth ~ bed�d g�|tuc0~ 2b g�h�g�m�l\| b ~ b h�s\g s>u{s b h��Ku a u d ojq d s>u g�h�o�u{o '< h�ojq ~ u s b hjq��>u}|�� b l>u djd u .
mxg��/o b�� ��h�|tqt� 1 u}h�s b l>u d�d u}mxg��/o b h 2u b u �ed k a u}s>u}h�s\g u ~ bed s b ~ b m u ~ b}djd gi|�uc0~ 2u b\� � a 'b h
u-qts\gi��ojq87 ~ uc0~ 2u b s b h �ed k a b h s\g�s>u{s b h ~ b m m�u{q bed��ed u}k]s\g ~ bed�d g�|tuc0~ 2u b 'g � g d u{s>uwu}k�o b .
mnu{orq ~ u}mxg��/ojg*k\mnu 0 k\��0~ 2u b s\g ~ b s\q%7 ~ uc0~ 2u b�a u d u ~ u}s\u �}d k a b s\g!l\q orh�g ~ u}s>u ~ b �)7 � k d uc0~ 2u b
s\gnl\q�ojh 'gxo d u{�\h 0 bed m�u{s>u-gim k�m�u-� b y}u d g a�d g�h�g��/o�u 0~ 2u b\� ��h s>u}s b h:s\gnhru '< s>u h 2u bwbed�� u .
�\q8Bzu}s b h�s\g�oru}|%m b s b ��k\g b � 'k�mng djb m 'g�s�q b s\g o d u{�\hjq�0~ 2b gih�g��/o d g s>u}s b h ~ b ��hjg ~ k�orq y b h 'g
mxqt�\q�mnq8Bzu}s b\�
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� ��q � k d u 3\� 9 m b h�o d u k\m g�$�gim a | b s\u$u a |tq ~ uc0~ 2u b s b ~ 'b s\q �eb � m��gcfe a u d uQk�m�u
a u{|�uzy d u�s\g!s>u{s b h@s\g\V�l\q orh � � hjgi���kK�g�� ~ q�u�s\g!s>u}s b h@s b |�u{s b g�h�� k�g d s b s>u��5q � k d u 3\��9 u a .
d g�hjgi�/o�u�u d g a\d g�h�g��/o�uc0~ 2u b l\q�� 'u d qtu � � a 'b h*u:u a |tq ~ uc0~ 2u b s>u,g�h�o d u o 'g � q�u s�g ~ b s\q%7 ~ uc0~ 2u b � m��gcfe
gih�o�u�hjgi���kK�g�� ~ q�u�s\g�s>u}s b h�u a�d g�h�g��/o�u�k\mnu d g�s�k�0~ 2u b s\g � - � � b � 'k\mng djb s\g�o d u}�\h�q�0~ 2b g�h �

00111011
01010010  4
01111001  4
10001000  5
10111011  4
11011110  4
11101001  5
00011000  5

00111010  
01110011 3
01011001 3
11001000 3
11111010 3
10111111 3
10001001 4
00011000 3

Codificação Binária:
   31 transições

Codificação Beach:
  22 transições

��������	�� 3\��9 � �;$�g�m a | b s\g,u a |tq ~ uc0~ 2u b s b ~ 'b s\q �eb � m��gcfe �

� b g�$�g�m a | b s>u���q � k d u 3\��9 � 'g b l�hjg d y{u}s b ��k\g��>u hjg�� �kK�gi� ~ qtu�s�g s>u}s b h��\u d g a\d gp.
h�g��/o�uc0~ 2u b l�qt� 'u d q�u b h@o d �g�h�l\q orh
m�u{qth@hjq � �\q%7 ~ u{ojq�y b h
u a\d g�hjgi�/o�u}m b ~ b m a bed oru}mngi�/o b s\g�k\m
~ b �/o�u}s b}d � ,ng b h!s b qthBl\q�ojh�mngi� b h!h�q � �\q%7 ~ u orq�y b h�� s\gih�o�u mxg�h�m�u�h�g����kM�g�� ~ q�u���u a\d g�hjgi�/o�u}m
b ~ b m a bed oru}mxg��/o b s\g�k\m ~ b �/o�u}s bed ! ��� h � �gih�oru 0 bed m�u��Mu-gih�o d u{o 'g � qtu�s�g ~ b s\q%7 ~ u 0~ 2u b
� m��gcfe ~ b �\h�qth�ojqtkNgim k�hru d b ~ 'b s\q �ebT�}d u;�Nu�g�h�ojg�h s b qth �}d k a b h�s�gwl\q�ojh�� b h�g��/orq�s b s\g
d g�s\kABiq d uxu{orq y qts>u}s�g�s\g�o d u}�\hjq�0~ 2u b s>u h�g����kM�g�� ~ q�u�s\g�s>u}s b h �

) b m b mxg�� ~ q b �\u}s b � �>u�o 'g ~ ��q ~ u!s\g ~ b s�q87 ~ uc0~ 2u b � m��gcfe 'g � g d u}s>u!k\mnu 0 k\��0~ 2u b s\g ~ b s�.
q%7 ~ uc0~ 2u b �/s\g�u ~ bed s b ~ b m#u ~ bed�d gi|�uc0~ 2u b g�$�qth�org��/ojg�� b h�l�| b ~ b h@s\g�s>u{s b h�u �ed k a u}s b h � �gih�o�u
0 bed m�u��5gih�o�u g�h�o d u{o 'g � qtu4hjgxo bed �>u4q���ojg d g�hjhju}�/org �\u d gis\k�0~ 2u b s>u4u{ojq�y qts\u}s\gxs\g�o d u}�\h�q�0~ 2u b �
a b qth�g�$�qth�org k\m �ed u{k s\g |tq�lcg d s>u}s�g:�>u k�ojqt|�qCBzu 0~ 2u b s>u mngi| 1 b}d 0 k\��0~ 2u b s\g ~ b s\q%7 ~ uc0~ 2u b s\g
u ~ bed s b ~ b m u ~ bedjd g�|tuc0~ 2u b � b h �ed k acb hns\g-s>u}s b h � + bedxb k�o d�b |tu}s b � b l\h�g d y}u ."hjg ��k\g b
0 u{o b s\gn� 2u b g $�q�h�ojq d k\m a u{s d 2u b ��k\g�gih�oru}lcgi|tg 0~ u h�g�m a\d gxk\mnu mngihjmnu-gih�o d u{o 'g � q�u-u�hjg d
k�ojqt|�qCBzu{s>u�� b h�l\| b ~ b h�s\g�s>u}s b h a b s�g d gi��k\g d g d ~ b �\h�oru}�/org�h!m:k\s>u}��0~ u}h*� b�a\djb G�gio b s b hjq�h�.
ojg�mnu��My�q�h�o b ��k\gxs\q 0 g d gi��ojg�h 0 k\��0~ 2b g�h acb s\gim hjg d�� g d u}s\u}h a u d u ~ u}s\u a u{s d 2u b s\g�s>u}s b h �
�@h�oru ~ b �\h�o�u}�/org,m�k\s\u}��0~ u � bxa\d�b G�gio b s b h�qth�ojg�mnu acb s\g ~ u{k\hru d k\mnu h b l d gioruH$�uxgim org d .
m b h�s\g 'u d gzuwg |�qt� 1 u}h:s\g l\u djd u}mngi�/o b �@|�qtmxq�o�u{�\s b uwk�orq�|tqCB�uc0~ 2u b s\gih�o�uwo 'g ~ ��q ~ u u ~ u}h b h
m�k�q�o b a u d ojq ~ k�|�u d g�h �

6@����� &+�'C � � 2� $4 % # �% �#U��� ��� � �
��� ��� �
�fo 'g ~ �\q ~ uxs\g ~ b s�q87 ~ uc0~ 2u b b����WhUnR`"b�`��Ah 'g,k�ojqt|tq8Bzu}s\u a u d u o d u}�\h 0 bed mnu d u d g a\d g�h�g��/o�uc0~ 2u b s b
~ 'b s\q �}b s b l>u djd u{mngi��o b u}�/org�h%��k\gBu bea g d uc0~ 2u b u d q�ojm 'gporq ~ u*hjg Gju d gzu}|�qCBzu{s>u � ��h%qt� 0 bed mnuc0~ 2b g�h
u hjg d gim ~ b s\q87 ~ u}s>u}h b k�s\g ~ b s\q87 ~ u}s>u{h�h 2u b ~ b m a u d u}s>u}h ~ b m b h�s\u}s b h,u}�/org d q bed gih,��k\g
h 2u b u d mnu+B�gi�>u}s b h � �gih�o�u 0 bed mnu��%u�k�orq�|tqCB�uc0~ 2u b s\g�h�o�u-o 'g ~ �\q ~ u � u d u}�/org���k\g�g $�qth�ojgnk�m�u
o d u}�\h�q�0~ 2u b � b l>u djd u{mngi��o b o b s\u}h�u}h�y}g Big�h�gim ��k\g b s>u}s b u�hjg d o d u}�\hjmxq�ojqts b u a\d gihjg��/oru
� '< yegi|�| 'b}� q ~ b , gw� 2u b g�$�qth�org4o d u}��hjq�0~ 2u b � b l\u djd u}mngi�/o b �>uTh�q�ojk>uc0~ 2u b ~ b �/o d 'u d q�u�� ~ b m b
m b h�o d u b g�$�g�m a | b s\ux�5q � k d u 3\� � �

� b g�$�g�m a | b s>u ��q � k d u 3�� � � b |�u}s b g�hj��k\g d s bEd g a\d gihjgi��oruEk�m�uNh�g����kM�g�� ~ q�uNs\g
a u{|�uzy d u}h�s\g�s>u{s b h�s�g?Vnl\q orh�g�m ~ 'b s\q �eb l�qt� 'u d q b\� � a 'b h�u ~ b s\q87 ~ uc0~ 2u b s\gih�o�u h�g����kK�g�� ~ q�u
a g�|tu�k�orqt|�qCB�uc0~ 2u b s\uxo 'g ~ �\q ~ u�b ���WhUnR`"b�`��Ah>� 1 'unk\mnu d g�s�k�0~ 2u b s\g u a\djb $�qtmnu}s>u{mngi��ojg � , � �>u
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01101001
00110110  6
10010110  2
10101001  6
01011110  7
00100101  6
11011110  7
11101011  4

01101001  
01011111 4
10100000 8
00111111 6
11110111 3
01111011 3
11111011 1
00110101 5

Codificação Binária:
   38 transições

Codificação Transition:
     30 transições

��������	�� 3\� � � �;$�gim a | b s\g,u a |�q ~ u 0~ 2u b s b ~ 'b s\q �}b b����WhUnR`"bj`��Ah �

u{ojq�y qts\u}s\g-s\g4o d u}�\h�q�0~ 2u b\� �@h�oru d gis\k�0~ 2u b �>u]u{ojq�y qts>u{s\g s�g4o d u}�\hjq�0~ 2u bTb ~ bedjd g a g�| b 0 u{o b
s\g ��k\g ~ u}s>u � b y{u a u}|�uzy d u s\g s>u}s b h ��k\g ~21 g � u a u d uQh�g d o d u}�\hjmxq�ojqts>u a g�| b l>u djd u .
mxg��/o b 'g ~ b m a u d u}s\u-l\q o�u-l\q�o ~ b m u a u}|tuzy d u s\gns>u}s b h�u}�/org d q bed ~ b s\q87 ~ u}s>u-� k�g�7 ~ u
u d m�uEB�g��\u}s>u�g�m k\m d g � qth�o d u}s bedi� �@h�o�u bea g d uc0~ 2u b s\g ~ b m a u d uc0~ 2u b 'g d g�u}|tq8Bzu}s\u acbed k�m�u
a bed orux| 'be� q ~ u ��������� ~ b � 0 bed mng�m b h�o d u b gihj��k\g�mnu�s>ux��q � k d u 3\� V �6	���& -/- � � ��l\hjg d y{u .
h�g a g�|tu���q � k d u 3\� Vx��k\g,qt��s\g a g��\s�g��/orgimngi��ojg s b h+!%� `$�Wm	� n*s b l>u djd u}mxg��/o b ��k\g a\d g ~ qthju}m
h�g d k�orq�|tqCB�u}s b h@gimWu}| � k��\h ~ u}h b h���u,q�m a |�g�mxg��/o�u 0~ 2u b s>u�o 'g ~ �\q ~ u s\g ~ b s\q%7 ~ uc0~ 2u b b ���WhUnR`"b�`��Ah
k�ojqt|�qCBzuns\k>u}h a bed oru}h�| 'be� q ~ u{h ������� g�k\m d g � qth�o d u}s bed gim ~ u}s\u ~ b m a b �\gi�/org�s\g�|tgiq�ork d u
b k�gih ~ d q�oruxs b l>u djd u{mngi��o b\�

Registrador

W/R

Registrador

W/R

Barramento

��������	�� 3\� V � �@h�o d k�ojk d u a u d uxq�m a |tg�mxg��/oruc0~ 2u b s>u�o 'g ~ �\q ~ uxs�g ~ b s�q87 ~ uc0~ 2u b b����WhUnR`"bj`��Ah �

�@m �6	���& -/- � � b l\hjg d y{u ."h�g � k�g�u]k�orqt|�qCB�uc0~ 2u b s>u]o 'g ~ �\q ~ u b ���WhUnR`"b�`��Ah 'g g�7 ~ q�g��/org
�>u d g�s�k�0~ 2u b s\uwu{orq y qts>u}s�gns\gno d u{�\hjq�0~ 2u b �5��k>u}�\s b u a |tq ~ u}s>u-g�m l>u d�d u}mxg��/o b h:s\g s\u}s b h
gim ~ b �=7 � k d uc0~ 2b g�h:s\g�mxg�m 'bed qtu}h c��gcfe�m�k\��q87 ~ u}s>u4gns\k>u}| � s\u}s b h g�qt��h�o d k�0~ 2b g�h�� � ) b m .
a u d u}s b ~ b m u�o 'g ~ �\q ~ u �)� n	�d`"h��Wm	� b �eu�o 'g ~ �\q ~ uYb����WhUnR`"b�`��Ah�u a\d g�h�g��/o b k k�m � u}� 1 b m 'g�s�q b g�m
d g�s\k�0~ 2u b s>u u{ojq�y qts\u}s\g�s�g�o d u}�\hjq�0~ 2u b s�g , V�� 9 � � b l>u d�d u}mxg��/o b s\g�mxg�m 'bed qtu�c��gcfe�m�k\�\q%7�.
~ u}s>u a u d u�s\q 0 g d gi��ojg�h a u{s d 2b gih!s\g�s>u}s b h!s\g�gi��o d u}s\u�s�g?b ���gcfmfn � � � � 8����B� � mRh cfe #B�%� � � �
�g�u ~ bed s b ~ b m �6	���& -/- � ��g�h�orgih � u}� 1 b h�g�h�o 2u b4d g�|tu ~ q b �>u}s b h ~ b m b ~ b m a bed oru}mxg��/o b
s>u{h a u}|tuzy d u}h�s�g4s>u}s b h k�ojqt|tq8Bzu}s\u}h�� k�g u}|�ojg d �>u}m g��/o d g a u{|�uzy d u}h ~ b m k\mnu a g���k\g��\u
��k>u}�/ojqts>u}s�g�s\g�s>u{s b h�gimX� '< yegi| | 'b}� q ~ b , � ~ b m a u}|tuzy d u}h�s\g�s>u}s b h*� k�g�u a\d gihjgi��oru}m k�m�u
s\q�h�o d qtl�k\q�0~ 2u b mnu}qth�k��\q 0 bed mng�s�g�y{u}| bed gih!g�m � '< yegiqth!| 'be� q ~ b h!��g , �
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� a gihru d s>u o 'g ~ �\q ~ u b����WhUnR`"b�`��Ah4ojg d h�g�m b h�o d u}s b g�7 ~ q�g��/org gim d g�s�k�0~ 2b gih�s>u u{orq y�q .
s>u{s\g:s\g o d u{�\hjq�0~ 2u b a u d uxl>u djd u}mxg��/o b s�g�s>u}s b h�� b h�g�$�g�m a | b h ~ b m mxg�m 'bed qtu}hkc��gcfe�mp� u
h�k>u k�orq�|tq8Bzuc0~ 2u b � 2u b u a\d g�hjgi�/o b k �\g�� 1 k�m � u}� 1 b � k\u}�\s b k�ojqt|�qCBzu{s>ungim l>u djd u{mngi��o b h�s\g
gi�\s\g d g�0~ b h�s\g�h�o�u}h�mxg�m 'bed qtu}h��5m b h�o d u}�\s b ��k\g gih�o�uwo 'g ~ ��q ~ u � 2u b 'g d g ~ b mxg��\s 'u{yegi| a u d u
gih�org�ojq a b s�g u a |tq ~ uc0~ 2u b\�

6@����� &+�'z � � 2� $4 % # �% �#U��������� � ��� � � � ��� �

��u�o 'g ~ ��q ~ u � `"b , � m�!W` cRbj`��Ah>� u�q�s 'g�qtu�l 'u}hjq ~ u a u d ojgBs b�a\d qt� ~ '<ta q b s�g*��k\g�u{| � k\��h%l\u djd u}mngi�/o b h
g $�q�lcgim a u}s d 2b gih�s�g�l\q orh@m�k�q�o b�d g � k�|�u d g�h � + bed g�$�gim a | b ��g�m�l\u djd u}mngi�/o b h
s\g�g���s\g d g�0~ b h
��k\g g�$�qtl g�m(k\mnunu{|�o�u a g d ~ g��/o�u � g�m(s\g g��\s\g d g 0~ b h�h�g����k\g�� ~ q�u{qth�� a b s\g,hjg d k�ojqt|�qCBzu{s b k\m
0 u{o bed ��k\g a b h�hru 0 uEB�g d k\mnu a�d g�s�q�0~ 2u b s>u a\d 'b $�q�m�u a u}|tuzy d u,s�g�s>u{s b h�� ~ b m#k\m�u d uEB b 'u{y}g�|
a\d g ~ qth 2u b �1	���& -+- ��� � a\d g�s\q�0~ 2u b s b y}u{| bed s\gxk\m l\q o s�gns>u{s b h acb s\gxhjg d,d g�u}|tq8Bzu}s\u-u
a u d orq d s>u k�ojqt|tq8Bzuc0~ 2u b s�g-k�m�uwo�u{lcgi|�u ~ b m � � gi��o d u}s\u}h���g��\s�g d g 0~ u}s\u}h a g�| b h 'k\|�ojqtm b h �

y{u}| bed gih:s b h l�q�orh s>u}h a u{|�uzy d u}h u{��ojg d q bed g�h � ��g�h�ojg ~ u}h b �
hjg�u a\d g�s\q�0~ 2u b 'g ~ bed�d gioru��@� 2u b
'g d gzu}|�qCBzu{s>uT�\gi� 1 k\m�u]o d u}�\h�q�0~ 2u b � b l>u d�d u}mxg��/o b\� �@�/o d gioru}�/o b ��hjg u a\d gis\q�0~ 2u b � 2u b 'g
~ bedjd gio�u��>u�o d u}��hjq�0~ 2u b � b l>u d�d u}mxg��/o b u}h�hjq��>u}|�u���k\g b y{u}| bed �>u�o�u}l g�|tu�gih�o 'uxg djd u{s b g,��k\g
s\gih�oru 0 bed mnu���gih�org y{u}| bed s�giyeg�h�g d ~ b m a |�g�mxg��/o�u{s b g�u4oru}lcgi|�u-s\giy}g-h�g d ~ bedjd q � q�s>u � �
��q � k d u 3\� - m b h�o d u u g�h�o d k�ork d u�s b e �%��! � �%� m��\g ~ g�h�h 'u d q b�a u d u u qtm a |tgimngi�/o�uc0~ 2u b s\gih�oru
u}l bed s>u � gim �1	���& -/- ���

BUS

Reg

. . 

K bit shift register

Index

Pred.Val

      2  bit table
k

Reg

. . 

K bit shift register

Index

Val

Pred.      2  bit table
k

��������	�� 3\� - � �@h�o d k�ojk d u a u d uxq�m a |tg�mxg��/oruc0~ 2u b s>u�o 'g ~ �\q ~ uxs�g ~ b s�q87 ~ uc0~ 2u b � `"b
, � m�!W` cRb�`��Ah �

) b m b a b s�g�hjg d,b l\hjg d y{u}s b �>u���q � k d u 3\� - �<u�o 'g ~ �\q ~ u � `"b , � m�!W` cRb�`��Ah-u a\d gihjgi��oru u
y{u}�/o�u � g�m s\g!� 2u b �\g ~ g�hjh�q�oru d s\g!|tq�� 1 u}h5g�$ o d u}h@s\g�l\u djd u}mngi�/o b�a u d u�hjk>u�q�m a |tg�mxg��/oruc0~ 2u b��
�@�/o d gio�u{��o b �\gih�o�u:o 'g ~ �\q ~ u d g���k\g d k\m e �%��! � �%� mBu}s\q ~ q b �>u}| ~ b m a u d u}s>u ~ b mXu:o 'g ~ �\q ~ u:s\g
~ b s\q%7 ~ u 0~ 2u b b����WhUnR`"b�`��Ahxm b h�o d u}s>u��>ux��q � k d u 3\� V �

�@m �6	���& -/- � � u u a |tq ~ uc0~ 2u b s>uNo 'g ~ �\q ~ u � `"b , � m�!W` cRb�`��Ah 'g ~ b m a u d u}s>u ~ b m u}h
o 'g ~ ��q ~ u{h b����WhUnR`"bj`��Ah g �)� n `"h��Wm	� b a u d u,u a |�q ~ u 0~ 2u b gim#l>u djd u}mxg��/o b h�s\g�s>u}s b hBg�g���s\g d g�0~ b h
s\g:mngim 'bed q�u}h?c��gcfe�m�k\�\q%7 ~ u{s>u�g s\g�s\u}s b h�g:qt�\h�o d k50~ 2b gih � ��l�hjg d y{u ."h�g � k�g u�o 'g ~ �\q ~ u � `"b
, � m�!W` cRb�`��Ah�u a\d gihjgi��oru�y}u{| bed g�h�s\g d g�s�k�0~ 2u b s\g�u{orq y�q�s>u}s\gBs\g�o d u}�\h�q�0~ 2u b s\g!u{o 'g 5 � � ��k>u}�\s b
u a |tq ~ u}s>u�gim#l>u djd u}mxg��/o b h
s\g�g���s\g d g�0~ b h*s\g�mngim 'b}d q�u{h c��gcfe�m�s�g�q��\h�o d k�0~ 2u b � b �\s\g�h�g�ojg�m
k\mnu mnu}q bed hjgi���k\gi� ~ qtu}|tq�s>u}s\g:s b h�s>u}s b h � �@�/o d gpo�u}�/o b �<g�h�oru�o 'g ~ �\q ~ u-� 2u b hjgxm b h�o d u gD7�.
~ qtg��/ojg���k>u}�\s b u a |tq ~ u}s>u,g�m l\u djd u}mngi�/o b h�s�g�s>u}s b h��\m b h�o d u}��s b � 2u b h�g d q��\s\q ~ u}s>u a u d u
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 %� � ���M� 3\� , � �;$�g�m a | b s\g,u a |tq ~ uc0~ 2u b s>u�o 'g ~ �\q ~ un� @ ) �
�g ~ qtmnu}| � q�� 'u d q b � .�� @ ) , .�� @ )

� �e�}�e� �e�e�}�e� �e�e�e�e�}�e�e�e�e�}�e�e�e�e�
, �e�}� , �e�e�}� , �e�e�e�e�}�e�e�e�e�}�e�e�e� ,
� �e� , � �e�e� , � �e�e�e�e�}�e�e�e�e�}�e�e� , �
. �e� ,/, �e�e� ,/, �e�e�e�e�}�e�e�e�e�}�e� , �e�
3 � , �e� �e� , �e� �e�e�e�e�}�e�e�e�e�}� , �e�e�
5 � , � , �e� , � , �e�e�e�e�}�e�e�e�e� , �e�e�e�
9 � ,+, � �e� ,+, � �e�e�e�e�}�e�e�e� , �e�e�e�e�
� � ,+,/, ,/, �}�e� �e�e�e�e�}�e�e� , �}�e�e�e�e�
V , �}�e� � , �}�e� �e�e�e�e�}�e� , �e�}�e�e�e�e�
- , �}� , � , �}� , �e�e�e�e�}� , �e�e�}�e�e�e�e�
, � , � , � � , � , � �e�e�e�e� , �e�e�e�}�e�e�e�e�
,/, , � ,/, , � , �e� �e�e�e� , �e�e�e�e�}�e�e�e�e�
, � ,/, �e� � ,/, �e� �e�e� , �}�e�e�e�e�}�e�e�e�e�
,!. ,/, � , , �e� , � �e� , �e�}�e�e�e�e�}�e�e�e�e�
, 3 ,/,+, � , �e�}� , � , �e�e�}�e�e�e�e�}�e�e�e�e�
, 5 ,/,+,/, , �e�}�e� , �e�e�e�}�e�e�e�e�}�e�e�e�e�

gih�org�orq a b s\g�u a |�q ~ uc0~ 2u b�� ��| 'g�mYs\q�h�o b ��s\gpyeg ."hjg b l\hjg d y{u d ��k\g�g�h�oru o 'g ~ �\q ~ u�u a\d gihjg��/oru�k�m�u
gih�o d k�ork d u s\g e �%��! � �%� m,� k�g-k�orqt|�qCB�u k\mnu4o�u}l g�|tu ~ b m � � gi�/o d u{s>u}h a u d u a\d gis\q�0~ 2u b s b h
l\q orh�s\g,s>u}s b h�� ~ b m b m b h�o d unun��q � k d u 3\� - � �gih�o�u 0 bed mnu��>uxk�orq�|tq8Bzuc0~ 2u b s\g�h�o�u�o 'g ~ �\q ~ u 'g
~ b �/yeg���qtg��/ojg h b mngi�/org a u d u a g���k\gi� b h�y}u{| bed g�h!s\g � �

6@����� &+�}| � � 2� $4 % # �% �#U��� ��� ��� ��� ��� � � � 	 �

�@h�ojg�m 'gio b s b s\g ~ b s\q%7 ~ u 0~ 2u b 'gBl>u}h�gzu}s b �>u�qts 'g�q�u�s\g d g�s\k=B�q d u a\d�b l>u}l\q�|tq�s>u}s\g
s\g b ~ bedjd �g���.
~ q�u�s�gBy{u}| b}d g�h5| 'be� q ~ b h , o d u}�\hjmxq�ojqts b h5� b l>u d�d u}mxg��/o b�� �"h�o b 'g a b h�h '< y}g�| a gi|�u�k�orqt|�qCB�uc0~ 2u b s\g
l>u djd u{mngi��o b h ~ b m mnu}q b}d ��k>u}�/ojqts>u}s�g�s\g�|tq�� 1 u}hBg�g�h ~ b | 1 u�s�g ~ 'b s\q �eb h���k\g�o d u}��h a bed oru}m
m�k�q�o b mngi� b h:y{u}| bed gih | 'be� q ~ b h , s b ��k\g-� � �
h�o�u o 'g ~ �\q ~ u 0 b q a\djbea b h�o�u acb}d � �  5� -E� � �
g:ojg�m acb}d qts 'giq�uxl 'u}hjq ~ u u b l\hjg d y{uc0~ 2u b s\g ��k\g�u�k�ojqt|tq8Bzuc0~ 2u b s\g ~ b s\q87 ~ uc0~ 2u b l>u}h�gzu}s\u g�m
o d u}�\h�q�0~ 2b g�hi��u b q���y 'gih�s\g ~ b s\q87 ~ uc0~ 2u b l>u}h�gzu}s\u]g�m � '< y}g�q�h�� a b s�g4|tq�mnq o�u d:b � 'k\mxg d�b s\g
o d u}�\h�q�0~ 2b g�h��>u}h�|tq�� 1 u}h@s\g�g��/o d u}s>u � �g�u ~ bed s b ~ b m � �  5� -E� � � b ojg d m b,a gih b � �{mR` iAegb���s\g
k\mnu a u}|tuzy d u ~ b s\q87 ~ u}s>u d g a\d gihjgi��oru b � 'k\mxg djb s�g,l�q�orh!q � k>u}q�h!u , ��g�h�oru a u}|�uzy d u �

+ bed s\gD7>��q�0~ 2u b �!hjg b � 'k\mxg djb s\g l\q�ojhns\g k\mnu a u}|tuzy d u�s\g ~ 'b s�q �eb 'gJh>��gi�/o 2u b u
u a |tq ~ uc0~ 2u b s>u�o 'g ~ ��q ~ u # � " `$#?`"bdm�! & mR` iAegb:8:�)!W`"hgi ��� # " &�8	� a b s�g d gihjk\| o�u d gim a u{|�uzy d u}h
s\g ~ 'b s\q �eb ~ b m a g�h b �>= � b �\s�g�= d g a\d g�h�g��/o�u b � 'k\mxg d�b m 'uH$�qtm b s\g l�q�orh g�m � '< y}g�|
| 'be� q ~ b , g�m(k\mnu a u}|tu y d uns\g�s\u}s b h � �� 5u}l g�|�u 3\� , m b h�o d unk\m(g $�gim a | b s\g�u a |tq ~ uc0~ 2u b
s>u�o 'g ~ �\q ~ u ^a`$#?`"bdm�!%� �{mR` iAegb a u d u-y{u}| bed gih,s�g # q � k>u}q�h�uw�-g , a u d u k�m�u�hjgi���kK�gi� ~ qtu s\g
� 'k\mxg d�b h h ? 3 l\q�ojh � �� %� -E� � �

��l\h�g d y}u ."hjg a g�|tu� 5u}lcgi|�u 3�� , ��k\g!gi�\��k>u}�/o b u�u a |�q ~ uc0~ 2u b s>u�o 'g ~ �\q ~ u , ."� @ ) d g�hjk�|�o�u
gim a u}|tuzy d u}h ~ b m3� b m 'uH$�qtm b k\m l�q�o gim3� '< yeg�|!| 'be� q ~ b , �Bu u a |tq ~ uc0~ 2u b s>uwo 'g ~ �\q ~ u � .
� @ ) d gihjk\| o�u g�m a u{|�uzy d u}h ~ b s\q87 ~ u}s>u{h ~ b m � b m 'u $�q�m b � l\q�ojh�g�m � '< yeg�|�| 'be� q ~ b , �
�@m u}m�l b h b h ~ u}h b h��@k\m m�u{q bed � 'k\mxg d�b s\g |�qt� 1 u{h s\g�l>u djd u}mxg��/o b h�g 0 u+B���g ~ gihjh 'u d q b
a u d u�u ~ b s\q87 ~ uc0~ 2u b s>u{h a u}|tuzy d u}h�s\g:s>u{s b h � ��gih�ojg ~ u}h b � ~ b m b�a b s�g:hjg d�b l�hjg d y{u}s b �>u
 5u}l g�|�u 3�� , �
g $�q�h�ojg k\m d gi|�u ~ q b �\u}mngi�/o b gi��o d g-uwmxg�� bed ��k>u{��ojqts>u{s\g s\g l\q orh g�m � '< y}g�|
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| 'be� q ~ b , ~ b m uTmnu}q bed ��k>u}�/orq�s>u}s\g4s\gw|tq�� 1 u}hxs\gwl\u djd u}mngi�/o b �\g ~ gihjh 'u d q�u a u d u]u ~ b .
s\q%7 ~ u 0~ 2u b s>u a u{|�uzy d u s\g s>u{s b h � �giyeg ."h�g b l\hjg d y{u d ��k\gxu�o 'g ~ �\q ~ u , .�� @ )Pu a\d gihjgi��oru u
mxg�h�m�u d g a\d g�hjgi�/o�uc0~ 2u b s\u ~ b s�q87 ~ uc0~ 2u b �Ah m	� e��Ab � �g�u ~ bed s b ~ b m � �� %� -E� u � ��u�o 'g ~ �\q ~ u , .
� @ ) � m '< �\qtm b�acb hjh '< yegi| ��ojg�m m:k\q�o b�acb k ~ u ~21 u{� ~ g�s\g�h�g d k�ojqt|�qCBzu{s>u,�\u a\d 'u{ojq ~ u���g $ ~ gio b
a u d u,y{u}| bed gihBm:k\q�o b a g���k\gi� b h�s\gsh>��s�giy qts b u b ~ d g�h ~ q�mngi��o b g�$ a b �\gi� ~ qtu}|cs b � 'k\mxg d�b s\g
|�qt� 1 u{h�s\g l>u d�d u}mxg��/o b �\g ~ g�hjh 'u d q b\� �@�/o d gio�u{��o b � a u d u b ~ u}h b g�m���k\g 1 'u�k�m gi� k�qt| '< l d q b
s b y{u}| bed s\g #�u a |tq ~ u}s b:a u d uxu ~ b s\q87 ~ uc0~ 2u b s>u a u}|�uzy d u gim d gi|�uc0~ 2u b u b � 'k\mng djb s\g�l\q orh
s>u a u}|�uzy d u bed q � qt�>u{|��<g�h�o�u4o 'g ~ �\q ~ u a b s\g�h�g�o bed �>u d gD7 ~ qtg��/ojg �>u d gis\k�0~ 2u b s>uwu{ojq�y qts\u}s\g
s\gwo d u}��hjq�0~ 2u b\� �@m �6�� %� - � u � ��gih�o�u]o 'g ~ ��q ~ u 0 b q�u a |�q ~ u}s>u]u]k\m hjq�h�orgim�u]��k\g a b h�hjk\q
k\mWl>u d�d u}mxg��/o b ~ b m - l\q�ojh�s\g�s\u}s b h � +5u d u�gih�ojg�hjqth�orgim�u�� 0 b q b l\hjg d y{u}s b ��k\g�u�mxg�| 1 bed
gih�o d u{o 'g � q�u�s\g�u a |�q ~ u 0~ 2u b s>u�o 'g ~ �\q ~ u�� @ ) ~ b �\hjq�h�ojqtk g�m�k�orq�|tq8Bzu d k\m y}u{| bed s\g # ? 3\� +5u d u
gih�o�u-u a |�q ~ uc0~ 2u b � 1 b k�yegxk\m�u d g�s\k�0~ 2u b s\g�s\qth�hjq a uc0~ 2u b s�g a b oz�g�� ~ q�u s\g 5 � � ~ b m u{| � k\mnu
~ bedjd g�|�u 0~ 2u b gi��o d g b h
s>u}s b h � �@�/o d gio�u{��o b � a u d u b ~ u}h b b �\s\g b h
s>u}s b hBu a\d gihjg��/oru d u}m#k�m�u
s\q�h�o d qtl�k\q�0~ 2u b k\�\q 0 bed mxg}� 1 b k�y}g,k�m�u d gis\k�0~ 2u b s�g a b oz�g�� ~ q�u s\g,u a\d�b $�q�m�u}s\u}mngi�/org , V � �

6@����� &+� � � � K 5>3 ,gKJ, 89�;�J2 , &X! , :A/ = / v  j8@#�3}Zf� #$5.8� 4� = 2 ,
+5u d u�u d g a\d gihjgi��oruc0~ 2u b s\g*� 'k�mng djb h ~ b m h�qt�>u{|�� k�orq�|tq8Bzu .�hjg�orq a q ~ u}mxg��/org�u d g a\d g�h�g��/o�uc0~ 2u b s\g
~ b m a |tg�mxg��/o b s\g�� a u d u�u d g a\d g�hjgi�/o�uc0~ 2u b s\g,� 'k\mxg d�b h � ��gih�oru d g a\d g�hjgi�/o�uc0~ 2u b � b l\hjg d y{u .
h�gx��k\g�gim k\mnu a u}|�uzy d u l\q�� 'u d qtu u d g � q 2u b s\g�s>u{s b h 'g d g a\d gihjg��/oru}s>u a g�| b h�l\q�ojh�mngi� b h
h�q � �\q%7 ~ u orq�y b h�gwu d g � q 2u b s\g4h�qt�>u{| 'g d g a\d gihjgi��oru}s>u a g�| b hnl�q�orhxmnu}qth�hjq � �\q%7 ~ u{ojq�y b h � �
u{ojq�y qts\u}s\g�s\g�o d u}�\h�q�0~ 2u b �\g�h�o�u}h d g � q 2b g�h�s\g a g���s\g s\u b}a g d uc0~ 2u b � k�g 'g�g 0 giork\u}s>u��\ojg��\s b ."hjg
�\gih�ojg ~ u}h b u�uzy{u}|�q�uc0~ 2u b s\u ~ bed�d gi|�uc0~ 2u b ojg�m acb}d u}|<g a�djb l>u{l\qt|�qts>u}s�g,s�g o d u}�\h�q�0~ 2u b�a u d u b h
l\q orh
�1�M��� - 5 �G	���& -E� ���

��m a\djb l\|tgim�u d gi|�u ~ q b �>u{s b vu d g a\d gihjg��/oruc0~ 2u b s�g ~ b m a |�g�mxg��/o b s\g�� 'g�uxg�$ orgi�\h 2u b
s b h�qt�>u}| � k�g ~ u}k\hju�k�m ~21 uzyeg�u}mngi�/o b � b h!l\q�ojh!m�u{qth�h�q � �\q%7 ~ u orq�y b h���k>u}��s bnb ~ b}djd g�k�m�u
o d u}�\h�q�0~ 2u b s�g h�qt�>u}| � s\g a b h�q�orq y bxa u d ux�\g � u{ojq�y bxb k-y�q ~ g .�yeg d hju � � ��q�h�o b ��k\g k\m�u �ed u}�\s\g
a u d org�s b h l\q orh�mnu}qth hjq � �\q87 ~ u{ojq�y b h:h 2u b k�orq�|tqCB�u}s b h a u d u d gzu{|tqCB�u d uwg�$ orgi�\h 2u b s b h�qt�>u}| �
a b s�gp."h�g�org d k\m�u�gi|tgiy{u}s\u�u{orq y�q�s>u}s\g*s\g!o d u{�\hjq�0~ 2u b ��k>u}�\s b,b � 'k\mxg d�b 'g d g a\d gihjg��/oru}s b:a bed
h�qt�>u}| � �gih�o�u 0 bed mnu��/o bed �>u .�hjg�q��/org d g�h�hru}�/org d g�s\k=B�q d u 0 u}q $\u,s\qt�%�u}mnq ~ u�s>u d g � q 2u b s\g�hjq��>u}|
~ b m hjk\u d g a\d g�hjgi�/o�uc0~ 2u b h�g��\s b 0 g�q o�u a g�| b mxg�� bed � 'k\mng djb s\g�l\q orh a b hjh '< y}g�| �

��u d g a\d gihjgi��oruc0~ 2u b s b � 'k�mng djb gim h�qt�>u}| ."mnu � �\q ork\s�g}� u a g��>u}h�k\m l\q o 'g d g�h�g d y{u}s b
a u d u�q��\s\q ~ uc0~ 2u b s b hjq��>u}| s>u bea g d uc0~ 2u b g b h b k�o djb h�l�q�orh5h 2u b�d g�h�g d y{u}s b h a u d u�u�m�u � �\q�ojk\s\g
s b h s>u}s b h � �g�h�o�u 0 bed mnu���u u{orq y�q�s>u}s\g4s\g o d u{�\hjq�0~ 2u b d g�|�u ~ q b �>u}s>u vu d g � q 2u b s\g hjq��>u}|
'g l g�m mxg�� bed ~ b m u a g��>u}h k�m l\q�o�hjg���s b ~21 u y}gzu}s b g�m bea g d uc0~ 2b g�h�s\g � 'k�mng djb h ~ b m
d g a\d g�hjgi�/o�uc0~ 2u b s\gxhjq��>u}|�� ~ b m b m b h�o d u}s b gim � )�F�� - 5 � � ) b m b ~ b �\h�g����kM�g�� ~ q�u��<orgim�.�hjg
k\mnu�mngi� bed s\qth�hjq a uc0~ 2u b s\g acb oz�g�� ~ q�uxg�m d g�|�u 0~ 2u b vu d g a\d g�hjgi�/o�uc0~ 2u b g�m ~ b m a |�g�mxg��/o b s\g
� �

6@����� 0 � :A2 , 8@# KJ, 89�1�L2��./ v  �8�#$ j/)2 , OQ89�;:A#$2�#
� b l G�giojq�y b s b�bed s\g��\u}mngi�/o b s\g�hjq��>u}qth�s\g�g��/o d u}s>u 'g d gis\kAB�q d u$u{orq y�q�s>u}s\g s\g

~21 uzy}gzu}mxg��/o b s\g�k\m ~ q d ~ k\q o b\� �"h�o b a b s�g�hjg d g 0 gpork>u}s b u a u d orq d s\g bea g d uc0~ 2b g�h�s\g u}h�.
h b ~ q�u{ojq�y qts>u{s\g4g ~ b m�k�oru{orq y�q�s>u}s\gwu a |tq ~ u}s\u}h u b h h�qt�>u{qth s\g gi��o d u}s\u s b h ~ q d ~ k\q o b h � �
��q � k d u 3\� , �-m b h�o d u�u}h,s\k>u}h bea g d uc0~ 2b gih a u d u k\m g $�gim a | b g�m ��k\gxk\m�u bea g d uc0~ 2u b s\g
m�k�|�orq a |tq ~ uc0~ 2u b 'g�s�g ~ b m a b h�oruxgim bea g d uc0~ 2b gih�s\g�s\g�h�| b ~ u}mxg��/o b g�h b m�u �6)�F�� - 5 � �

��h bea g d uc0~ 2b g�h�s\gxs\gihj| b ~ u{mngi��o b �>u �5q � k d u 3\� , � d g a�d g�h�g��/o�u{m k�m�u bea g d uc0~ 2u b s\g
n1c��W^a`"hgi���k\g�org�m b g 0 g�q o b s\g d gis\kAB�q d u 0 u{q%$�u�s\qt�%�u}mnq ~ u�s b h�qt�>u}| � ��u,�5q � k d u 3\� , ���eorgim�.�hjg
a\d�b l>u}l�qt|tq�s>u}s\gih�s\g!o d u}�\h�q�0~ 2u b�a u d u b h�qt�>u}|�� 
 g a u d u�u}h bea g d u 0~ 2b gih�s�g!s\g�h�| b ~ u}mxg��/o b � � 
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��������	�� 3\� , � � 	�g�s�k�0~ 2u b s>uxu{orq y qts>u}s�g�s\g ~21 uzyeg�u}mngi�/o b�a g�|tu d g b}d s\gi�>uc0~ 2u b s>u{h
g��/o d u}s>u}h �

� � g � 
 � V � a u d u k\mnu a u}|�uzy d u-s\g , 9 l\q�ojh��5ojg��\s b ."h�g b h�qt�>u}|:� 
 ~ b m k\m�u 0 u}q%$�u
s\q��5�u}mxq ~ u g�|tgpy{u}s>u � a\d�b l>u}l\q�|tq�s>u}s\g u{|�o�u a u d u�� k\u}hjgxo b s b h b h�l\q�ojh�� �5gnu}h bea g d u 0~ 2b gih s\g
s\gihj| b ~ u}mngi�/o b ~ b m k\m�u 0 u{q%$�u s\qt�5�u{mnq ~ u:mnu}qth*l>u}q%$�u �

��l\h�g d y}u ."hjg a gi|�u���q � k d u 3\� , ����k\gB�>u a\d qtmxg�q d u�u d ��k\q orgpork d u�u�u{ojq�y qts\u}s\g
s\g ~21 u y}gzu .
mxg��/o b 'g�g�|�giy{u}s>u�� acb qth a u d u b�a�d qtmxg�q djb h b mnu}s b}d �{ojg�m ."h�g�u�h b m�u�s b hjq��>u}| � 
 s\g�g�|�giy{u}s>u
0 u}q $�u�s\q��5�u}mxq ~ u ~ b m u b}a g d uc0~ 2u b s\gBs\g�h�| b ~ u}mxg��/o b � � 
 � � � ~ b m l\u}q%$�u 0 u}q $�u�s\q��5�u}mxq ~ u��
ojg��\s b ."hjg:s\g�h�o�u 0 bed m�u�� u�h b m�u � /  � d g�h�k\|�oru}�/org�s>u a�d qtmxg�q d u bea g d u 0~ 2u b � ~ b m�g�|�giy{u}s>u
0 u}q $�uxs\q��5�u}mxq ~ u � ��h�g � k\��s>u bea g d u 0~ 2u b s�g:h b m�u 'g:g 0 gpork>u{s>u g��/o d g � /  ��g:u bea g d uc0~ 2u b
s\g*s\g�h�| b ~ u}mxg��/o b s\g�l>u}q $�u 0 u}q%$�u�s\qt�5�u{mnq ~ u � � 
 � V � �{ojg��\s b ."hjg ~ b m b�d gihjk\| o�u}s b �eu�h b m�u
� /  � s\g�g�|�giy{u}s>u 0 u}q $\u�s�qt�5�u}mxq ~ u �

+5u d u�unhjg � k\�\s\u u d ��k\q orgiojk d un�>u���q � k d u 3\� , ��� b l\h�g d y{u .�hjg u d g bed s\gi�>uc0~ 2u b s>u}h�g���.
o d u}s>u{hnu a 'b hxu}h bea g d u 0~ 2b gihns\g u}h�h b ~ q�u orq�y q�s>u}s\g g ~ b m�k�o�u orq�y q�s>u}s\g � +5u d u g�h�org ~ u}h b ��u
a\d qtmxg�q d u�h b mnu d g�h�k\|�oru}�/org � /  � hjg d 'u s\g l>u}q%$�u 0 u}q $�u]s\qt�5�u{mnq ~ u�� a b qth b ~ b}djd g gi�/o d g
s\k\u}h bea g d uc0~ 2b g�h�s�g�s\g�h�| b ~ u}mxg��/o b\� � hjg � k\�\s\u h b mnuxojg d 'unk\m�uxm�u{q bed 0 u}q $�uns\q��5�u}mxq ~ u��
a b qth b h�qt�>u}| � 
 s\g,u}| o�u 0 u}q $\u�s�qt�5�u}mxq ~ u 'g�qt� ~ |tk '< s b �>u bea g d uc0~ 2u b��

��l\h�g d y}u ."hjgng��/o 2u b ����k\g�u hjg � k\�\s\uwu d ��k\q orgpork d u���u a 'b h b d g bed s\gi�>u}mxg��/o b s>u}h g���.
o d u}s>u{h�� a�djbea bed ~ q b �\u-k\mnu mnu}q bed�d gis\k�0~ 2u b s>u4u orq�y q�s>u}s\g�s\g ~21 uzyegzu{mngi��o b\� �gnu ~ bed s b
~ b m �6)�F�� - 5	� �e�\u�hjg � k\�\s>u�u d � k�q�orgpork d u�orgim�.�hjg . � � mxg�� b h ~ u a u ~ q o{�u}� ~ q�u ~21 uzyegzu{s>u�g�m
d g�|�u 0~ 2u b vu a\d q�mngiq d u�u d ��k\q orgpork d u �

6@����� 6 o , 2 = �% �#$�F2@# � �� "!@ �2�#$2 , 2 , ���������
	�����

) b m b y�q�h�o b u}�/org d q b}d mxg��/org{� bTa\djb G�gpo b s�g ~ q d ~ k�q�o b hnq���ojg �ed u}s b h�g�h�o 'u{orq ~ b h acb s\g
u a�d g�h�g��/o�u d o d u}�\h�q�0~ 2b g�h*gih a 'k d q�u}hi��s�giy qts b vu a\d�bea u � u 0~ 2u b s\g�u{o d u}h b h*s�g�k\mYl\| b ~ b | 'b}� q ~ b u
b k�o djb�� �g�h�o�u 0 bed mnu���k\m � 'b�a b s�g�u a\d gihjgi��oru d m 'k\| orq a |�u}h@o d u}�\h�q�0~ 2b g�h!gim k\m a g d '<tb s b s\g
d g�| 'b}� q b u{��ojg�h�s\g,u}| ~ u}��0~ u d�b hjg�k-� '< yeg�|M| 'be� q ~ b ~ b}djd gpo b\�

+5u d uNmxqt��qtmxqCBzu d u}h4o d u}�\h�q�0~ 2b g�hwg $�o d u}h g{� ~ b �\hjgi���k�g��/orgimngi��ojg}��uNs\q�hjh�q a uc0~ 2u b s\g
a b oz�gi� ~ qtu��
o bed �>u ."h�g�qtm acbed o�u}�/ojg b l\u}|�u}� ~ gzu{mngi��o b s\g-o b s b h b h ~ u}mxqt� 1 b h s\g-hjqt�\u}qth g
u d gis\k�0~ 2u b s\u a\d�b 0 k\�\s�qts>u}s�g�| 'be� q ~ u��1���<� - 5 �G)�F�� - 5 �G	���� -/- � �

� d g�s�k�0~ 2u b s>u u{ojq�y qts\u}s\g�s�g�iW^a`"b�cfeg`"hgi 'g m b h�o d u}s\uw� b g�$�g�m a | b s>u ��q � k d u 3\� ,/,�6)�F�� - 5 �
a u d u-u d g a\d g�h�g��/o�uc0~ 2u b s>u bea g d u 0~ 2u b s\gxh b mnu-s�g 3 � 'k\mxg djb h��Morgi�\s b .�hjg�k�m�u
q�m a |�g�mxg��/o�u 0~ 2u b gim ~ u}h ~ u{o�u � qtm a |�g�mxg��/o�uc0~ 2u b � 2u b ,.`-,�mR^a`"h m ��g b k�o d u g�m 'u d y bed g � � b
g $�gim a | b �!u{hjhjk�mng ."hjg ��k\g o b s>u{h�u}hng��/o d u}s>u}h a\d q�m 'u d q�u{h g�h�o 2u b s�qth a b � '< yegiqthnu b mxg�h�m b
ojg�m acb\�

��l\h�g d y}u ."hjg a g�|tu!��q � k d u 3�� ,/, ��k\g
�>u a\d qtmxg�q d uBq�m a |tg�mxg��/oruc0~ 2u b g�$�qth�org�u a\d�bea u � u 0~ 2u b
s\gQu{o d u}h b u o d uzy 'g�h s bEa\d q�mngiq d�b h b mnu}s bedi� ��g�h�org ~ u}h b ����k>u}�\s b u g��/o d u}s>u 8�7 ~ u
s\q�h a b � '< yeg�| � b h�g � k\��s b h b mnu}s bed g 0 gpork>u u bea g d uc0~ 2u b ~ b m b y{u}| bed u}�/org d q b}d s b a\d qtmxg�q djb
h b m�u{s bed�� � a 'b h:u a\djb}a u � uc0~ 2u b s b u{o d u}h b � b y}u{| bed ~ bed�d gpo b s bwa\d q�mngiq d�b h b mnu}s bed 7 ~ u
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��������	�� 3\� ,/, � 	�g a\d gihjg��/oruc0~ 2u b s\g bea g d u 0~ 2b gih a u d u d gis\k�0~ 2u b s>u�u{ojq�y qts\u}s\g�s\g
iW^a`"bdcfeg`"hgi �

s\q�h a b � '< yeg�|cg b hjg � k\�\s b h b m�u{s bed g 0 giork\u�� b y{u}mxg��/ojg�u bea g d uc0~ 2u b � org���s b ."h�g�s\k>u}h bea g d u .
0~ 2b g�h acb}d ~ q ~ | b s\g d gi| 'be� q b\� �u mngihjmnu 0 bed m�u�� b ~ bedjd g,u a\d�bea u � uc0~ 2u b s\g u{o d u}h b h�u o d uzy 'g�h
s b h�g � k\��s b h b m�u{s bed g b org d ~ giq djb h b m�u{s bed g 0 gpork>u . bea g d u 0~ 2b gih a bed ~ q ~ | b\�

+5u d u u hjg � k\�\s>u qtm a |tgimngi�/o�uc0~ 2u b s>u ��q � k d u 3\� ,/, � q�m a |�g�mxg��/o�u 0~ 2u b gim 'u d y bed g �p�
b h ~ u{mnq�� 1 b h�s b h:hjq��>u}q�h�h 2u b m�u}q�h�l>u}|�u{� ~ g�u}s b h�gxg�$�qth�org�k�m�u�mngi� bed�a b hjh�qtl\q�|tqts\u}s\g�s\g
o d u}�\h�q�0~ 2b g�h�g�$ o d u}h �

�g�u ~ bed s b ~ b m �6)�F�� - 5 � �Mu ~ u a u ~ q o{�u}� ~ q�u ~21 uzyegzu{s>u a u d u k\mnu�qtm a |�g�mxg��/o�uc0~ 2u b
gim ~ u}h ~ u{o�u 'g k\m 0 u{o b}d s\g , � 5 m�u}q bed g�m d gi|�uc0~ 2u b vunqtm a |tgimngi��oruc0~ 2u b gim 'u d y b}d g a u d u�u
bea g d uc0~ 2u b s�g u{s\q�0~ 2u b s\g 3 gi�/o d u{s>u}h�g ��� 5 mnu}q b}d�a u d uxu�u}s�q�0~ 2u b s�gsV gi��o d u}s\u}h �

��o 'g ~ �\q ~ u�s�g b orq�mnq8Bzuc0~ 2u b s\g a b oz�gi� ~ qtu u{o d uzy 'gih�s>u�u}� 'u}|�qthjg:s\g iW^a`"b�cfeg`"hgi a b s�g hjg d
y qth�o�u4gim �1	���� - 9 � � b �\s\g a u d u4k�m ~ q d ~ k\q�o b ��k\g d gzu}|�qCB�u b mnu}q b}d s�q�y qth bed ~ b m�k\m s\g
s b qth � 'k\mxg d�b h��Bh 2u b g�m a\d g � u}s b hxm 'gio b s b h�� k�g q�� ~ |�k\g�m u d gig�h�o d k�ork d uc0~ 2u b s>u d g�s�g s\g
m�k�|�orq a |tg $�u}s bed g�h � a u d u a�djb s\k�0~ 2u b s�g ~ bedjd g�|tuc0~ 2u b s�gxs\u}s b hi�Mg�|tq�mnq��>uc0~ 2u b s\g iW^a`"bdcfe�mfn�g�m
h�qt�>u}q�h s�g ~ b �/o d�b |tgng d gis\k�0~ 2u b s\g�iW^a`"bdcfe�mfn,g�m hjqt�\u}qth s\g s>u}s b h�� g�qt� ~ |tk\h 2u b s\g u o d u{h b h
h�g�|tgporq y b hns\gwhjk�l\qts>u�g4s\gih ~ q�s>u � � qt� ~ |tk\h 2u b s�g�h�ojg�h u o d u{h b h b ~ b}djd g b �\s�gwg�$�qth�orgwk�m�u
a\d�b l>u}l�qt|tq�s>u}s\g�u}|�oru�s\g b ~ bedjd �g�� ~ q�u s\g�o d u}�\h�q�0~ 2b g�h�� b h�l\| b ~ b h!s b ~ q d ~ k�q�o b��

�
�
G � 9<?�V��Lt�=@AX?�9P` A
H�H9%U�L<F�= 
EH\Fr�F�qM=
U�?�A 	n;>=
U�C�� AB;GIY=s�L �AB9<C
��u a |�q ~ uc0~ 2u b s\g�o d u}�\h 0 bed mnuc0~ 2b g�h�s\giy}g�u{ojk>u d �>ungih�o d k�ork d u ~ b m a k�o�u ~ q b �>u}|Ms\g,k\m

~ q d ~ k\q�o b �<s\g 0 bed mnu-��k\g b h�g�k ~ b m acbed o�u}mxg��/o b s�g�g��/o d u}s>u/&{hru '< s>u�hjg Gju a\d gihjg d y{u}s b\� �
u a |tq ~ uc0~ 2u b s\g�o d u}�\h 0 bed mnuc0~ 2b g�h�s\gpyeg�g�$ a | bed u d k\m � 'k�mng djb s\g�u}| org d �>u{ojq�y{u}h*u d ��k\q orgiojk d u{qth
g hjgi|tg ~ q b �\u d u}h ��k\g d gihjk\| o�u}m gim mngi� bed ~ b �\hjk\m b s�g a b oz�gi� ~ qtu���s\gTu ~ b}d s b ~ b m b
� 'k\mxg d�b g ojq a b s\g m 'b s�k\| b h ~ b m a k�o�u ~ q b �>u}qthi��h�k>u}h-qt�/org d ~ b �\g�$ 2b gih4g u hjg�� �kK�gi� ~ qtuQs\g
bea g d uc0~ 2b g�h � )�F�� - �}u��G& � F - 3 ���

�gnu ~ bed s b ~ b m �6)�F�� - 5 � ��g�$�q�h�orgim s b qth ~ u}mxqt� 1 b h,s\g b ojqtmxqCB�uc0~ 2u b s\g acb oz�g�� ~ q�u
k\hju}�\s b o d u}�\h 0 bed mnuc0~ 2b g�h � � a�d qtmxg�q djb ~ u}mnq�� 1 b ~ b �\hjq�h�ojg �>u d gis\k�0~ 2u b s\u 0 b �/ojg-s�g4u}| .
q�mngi��oruc0~ 2u b u{o d u y 'gihxs\u u a |tq ~ uc0~ 2u b s\g o d u}�\h 0 bed mnuc0~ 2b g�h g�m yeg�| b ~ qts>u{s\g � o d u}�\h 0 bed mnuc0~ 2b g�h
� b}d mnu}|tmxg��/org�k\hju}s>u}h a u d u b ojqtmxqCBzu 0~ 2u b s\g�s\gihjg�m a g�� 1 b � � �Ph�g � k��\s b ~ u}mxqt� 1 b g��/y b |�y}g
u mxqt�\q�mnq8Bzuc0~ 2u b s>u ~ u a u ~ q o{�u}� ~ q�u�g 0 giorq y{unu{o d uzy 'g�h�s>uxu a |tq ~ uc0~ 2u b s\g�o d u}�\h 0 bed mnuc0~ 2b g�h�m�u{qth
� gi� 'g d q ~ u}h�y b |�o�u{s>u}h a u d u b ~ u}mnq�� 1 b ~ d '< orq ~ b g ��k\g:g��/y b | yegim � a bed g $�g�m a | b �Ku d gis\k�0~ 2u b
s b � 'k\mxg d�b s\g bea g d u 0~ 2b gih@�\g ~ g�hjh 'u d qtu}h���u�hjk\l�h�orq ork\q�0~ 2u b s\g�u}| � k\mnu}h b}a g d uc0~ 2b g�h a bed@b k�o d u}h
mnu}qth ~ b ��y}g��\q�g��/orgih b k gD7 ~ qtgi��ojg�hi�<u b orq�mnq8Bzuc0~ 2u b s>u�k�ojqt|tq8Bzuc0~ 2u b s\g d g ~ k d h b h�g�u d gis\k�0~ 2u b
s b ~ b m a�d qtmxg��/o b s>u a u}|�uzy d u a u d u d g a�d g�h�g��/o�u 0~ 2u b s b h�s>u}s b h �
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6@�'&+�j� 	 :�#�8�/)( �x: K # �% �� , / ,gK � , 34� %  �2�#$2 ,
� g � k\��s b �6)�F�� - 5	� �cuxq�s 'g�qtuxl 'u{hjq ~ uns\gih�oruxo 'g ~ �\q ~ u 'g d gis\kABiq d�b � 'k\mxg d�b s�g a u}h�h b h

s\g ~ b �/o d�b |tg{�@s\g 0 bed mnu4��k\g b h ~ q ~ | b h:s\g d gi| 'be� q b s\g ~ b �/o d�b |tg mnu}q�h:|tgi�/o b h a b h�hru}m hjg d
k�ojqt|�qCBzu{s b h a u d u k�m y{u}| b}d s\g s\gihjgim a g�� 1 b 7=$ b a g d mnq orqt��s b k\mnu d gis\k�0~ 2u b �>u 0 b �/org�s\g
u}|�qtmxg��/o�u 0~ 2u b\� � d g�s\k50~ 2u b � b h d g���k\g d qtmxg��/o b h�s\g a u}hjh b h�s�g ~ b ��o djb |�g 'g-m�k\q o�u}h�yegDB�gih
a b hjh '< y}g�|@s\gpy�q�s b vu g�$ a | b}d uc0~ 2u b s\g ~ b � ~ bed�d �g�� ~ q�u���k\g�qt� ~ |tk\q:� mRbj`$#?`"hgi�� ,.`-,�mR^a`"h�`"hgi}� o d u{�\h�.
0 bed m�u 0~ 2b gih�u}| � 'gil d q ~ u}h*g�o d u}��h 0 bed m�uc0~ 2b g�hQ^ ���., � h��1�A^"^a`"hgi �

6@�'&+�j����� � � ����� ����

� b}a g d uc0~ 2u b s\g � mRbj`$#?`"hgi ~ b �\hjq�h�org@gim d g acb hjq ~ q b �\u d b h d g � q�h�o d u}s b}d g�hM� b h ~ q d ~ k�q�o b hKhjgi���k\gi��.
~ q�u}q�h�� m�u}�/ojg��\s b ."hjg b hjg�k ~ b m a bed o�u}mxg��/o b 0 k\� ~ q b �>u{| � � b}a g d uc0~ 2u b s\g � mRb�`$#?`"hgi 0 b q a\d�b .
a b h�oru�qt�\q ~ qtu}|tmxg��/org a bed �1�%�@�{V . � ~ b m b k�m�u�o 'g ~ ��q ~ u a u d u�mxg�| 1 bed u d5b s\g�h�g�m a gi� 1 b,a gi|�u
m b y�q�mngi�/o�uc0~ 2u b s b h d g � qth�o d u}s bed g�h�u b | b � �eb s b h ~ q d ~ k\q�o b h � �@�\��k>u{��o b ��k\g,�>ux��g�0~ 2u b . ��3
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s\gxhjg � k\�\s\u bed s\g�m �6)�F�� - ���%)�F�� - 5 �%)�F�� - 5 u ��� � ~ q d ~ k\q�o b s\u4��q � k d u 3�� , ��u a\d gp.
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" ���., � h��1�A^"^a`"hgi 'g�k�m�u!o 'g ~ �\q ~ u�s\g a u d u}|�g�|�qCBzu 0~ 2u b ��k\g 'g�u}m a |�u}mxg��/org@k�orqt|�qCB�u}s>u�g�m a�djbe�ed u .
mnu}h!��k\g � u}h�oru}m u mnu}q bed*a u d ojg�s b ojg�m acb s\g a\d�b ~ g�h�hru}mxg��/o b g�m h�g�k\h�|�u 0~ b h � ����� -E� �
F���� -/- � � �g�h�o�u 0 bed m�u���g�h�o�u�o 'g ~ �\q ~ u acb s\g�h�g d k�orq�|tq8Bzu}s>u a u d u d g�k�ojqt|�qCBzu 0~ 2u b s\g�s>u}s b h b
m 'uH$�qtm b�a b hjh '< yegi|��>u{hjhjq�m ~ b m b�a u d u}|tgi|tq8Bzuc0~ 2u b s\g�qt��h�o d k�0~ 2b g�h �

��o 'g ~ �\q ~ uX^ ���., � h��1�A^"^a`"hgi 'g a\djb}acb h�o�u ~ b m b k\mnu�o 'g ~ �\q ~ u s\g o d u}�\h 0 b}d mnuc0~ 2u b ��k\g
u a |tq ~ u}s>u�vu�u d ��k\q orgpork d u�s\g ~ q d ~ k\q o b hi� acb s\g 1 u}l\q�|tq�oru d u�k�ojqt|tq8Bzuc0~ 2u b s\g b k�o d u{h�o 'g ~ �\q ~ u}h���k\g
a\d�b s�kABzu}m q�m a u ~ o b s�q d gpo b �>u d g�s�k�0~ 2u b s b ~ b �\h�k\m b s\g acb oz�g�� ~ q�u � F���� - 3 ��)�F�� - 5 �
@ ��� - 5	� �

����q � k d u 3\� , 9 m b h�o d u b g 0 giq�o b s>u u a |�q ~ uc0~ 2u b s\u o 'g ~ ��q ~ u s\gX^ ���., � h��1�A^"^a`"hgi��>u
gih�o d k�ork d u�s\g�k\m:7>| o djb ����	�s\g a\d q�mngiq d u bed s\gim � b �\s\g�s\k>u}h�u}m b h�o d u{h@s\g�hru '< s>u�h 2u b ~ b m .
a k�o�u}s>u{h�g�m a u d u}|tgi| b l>u}h�gzu}s>u{h@g�mPs\k>u}h�u}m b h�o d u}h�s�g�g��/o d u}s>u �6)�F�� - 5 ��� ��h �ed u}�\s\gDBzu}h
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b k�o d u{h�o d u}�\h 0 bed mnuc0~ 2b g�h � s\q�h�o d qtl\k�orq�y q�s>u}s\g{� a\djbea u � uc0~ 2u b s\g ~ b �\h�o�u}�/ojg�h�g�,.`-,�mR^a`"h�`"hgi �@��k\g
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* D

A

XN YN

Ceff = 1
Tensão = 5
Throughput = 1
Potência = 25

+

*

2D

XN YN

*

+

A

AN-1X
N-1Y

Ceff = 1
Tensão = 5
Throughput = 1
Potência = 25(a)

(b)

Loop

Unrolling

YN = XN + YN-1A *
YN = X N + YN-1A * = X N + N-1A *(X + A * N-2Y )

= X + YA*YN-1 N-1 N-2

�5���,��	�� 3\� , 9 � � a |�q ~ uc0~ 2u b s�g ^ ���., � h��1�A^"^a`"hgi��>uxgih�o d k�ojk d u�s\g�k\m 7>| o d�b ����	 s\g
a\d qtmxg�q d u bed s\g�m �

+

*
2D

XN YN

*

+

A

N-1Y

Ceff = 1,5
Tensão = 3,7
Throughput = 1
Potência = 20
(redução de 20%)

*
A

X

+

N-1

A2

YN = XN + XN-1A * + A * N-2Y

= X + YA*YN-1 N-1 N-2
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� � 5>3� % # �% �#U�J2 , � ��� � ���� ����

�N��q � k d u 3\� , V�m b h�o d u�u�u a |�q ~ uc0~ 2u b s\gD,.`-,�mR^a`"h�`"hgi,vu�gih�o d k�ojk d u�s>u���q � k d u 3\� ,1� a u d u
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+

*
2D

XN YN

*

+

A

N-1Y

Ceff = 1,5
Tensão = 2,9
Throughput = 1
Potência = 12,5
(redução de 50%)

*
A

X

+

A2

D

D
N-1

��������	�� 3\� , V � � a |tq ~ uc0~ 2u b s\g ,.`-,�mR^a`"h�`"hgi�u b 7>|�o djb �j��	 s\g a�d qtmxg�q d u b}d s\gim �

��l\h�g d y{u .�hjg a gi| b h
y{u}| bed g�h
m b h�o d u}s b hB�>u ��q � k d u 3\� , V�� b u ~ d 'gih ~ q�m b s>u ~ u a u ~ q�o �u}� ~ qtu,g 0 gp.
ojq�y{u��<y�q�h�o b ��k\g u4gih�o d k�ork d u o d u}�\h 0 bed mnu}s>u-�\g ~ g�h�hjq�oruws\g . m�k\|�ojq a |�q ~ uc0~ 2b gih�g . u{s\q�0~ 2b g�h
a u d u bna�djb ~ g�h�hru}mxg��/o b s\g,s\k>u}h�u}m b h�o d u{h��>g���� k\u}�/o b u�g�h�o d k�ork d u bed q � q��>u}| �\g ~ g�h�hjq�oruns\g
k\mnu�m:k\|�ojq a |�q ~ u 0~ 2u b g�k�m�u�u}s\q�0~ 2u b�a u d u a�djb ~ g�h�hru d k\m�u�u}m b h�o d u � � d g�s\k�0~ 2u b �>u 0 b ��ojg*s\g
u}|�qtmxg��/o�u 0~ 2u b ~ b m a g���hru�gih�org*u ~ d 'g�h ~ qtm b s�g 5 � � g�m ~ u a u ~ q o{�u}� ~ q�u�� orgi�\s b .�hjg�s\g�h�o�u 0 b}d mnu��
k\mnu d g�s\k50~ 2u b � | b l>u}|%s\g a b oz�g�� ~ q�u a bed k�m 0 u{o bed s\g����Ks�giy qts b u b g 0 giq�o b ��k>u}s d 'u{orq ~ b s>u
ojg��\h 2u b s�g u{|tqtmxg��/oruc0~ 2u b �>u acb oz�g�� ~ q�u �

6@�'&+� & 	 :�#�8�/)( �x: K # �% �� , / � , 8kS, :A % #�/
) b m b y qth�o b � b q�ojg�m u{��ojg d q bed �\k\m ~ b �HG�k\�/o b s\g�o d u}�\h 0 bed mnuc0~ 2b g�h!�>u�g�h�o d k�ork d uxs b

u}| �ebed q�orm b-acb s\g |tgpy{u d u ~ b ��s\q�0~ 2b g�h�� b a\d�b G�gio b s b h ~ q d ~ k\q o b h:qt�/org �ed u}s b h ��k\g org�� 1 u}m
q�m a u ~ o b s\q d gio b g�mYyegi| b ~ q�s>u}s\g�g acb oz�g�� ~ q�u ��� k>u}�\s b:b u}|�y b s>u}h b orq�mnq8Bzuc0~ 2b g�h�s\g�h�| b ~ u .�hjg
s\g�yegi| b ~ q�s>u}s\g a u d u ~ u a u ~ q�o �u}� ~ qtu g 0 giojq�y{u��<k�ojqt|tq8Bzu .�hjg�k�m s\q 0 g d g��/ojg ~ b �HG�k\�/o b s\g�o d u{�\h�.
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s\g�gi|tg�mxg��/o b h!s\g ~ b m a k�oruc0~ 2u b � bed mnu}|tmxg��/ojg d gihjk\| o�u}m gim k\m mxg�| 1 bed s�g�hjgim a g�� 1 b s b
a\d�b G�gio b s\g�h�g��/y b | y qts b\�
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�ed u 0 b s b � k)$ b s\g ~ b ��o djb |�g s\g�s>u}s b h � �giy}gp.�hjg b l\h�g d y{u d gi��o d gpo�u}�/o b �B��k\g-u d gis\k�0~ 2u b
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u}l bed s>u � gim a b s\g hjg d u}�>u{|tqthju}s>u u a u d orq d s\g s b qth�g $�g�m a | b h k�orq�|tq8Bzu}s b h gim �6)�F�� - 5 � �
m b h�o d u}��s b b qtm a u ~ o b s>u d gis\k�0~ 2u b s>u{h b}a g d uc0~ 2b g�h��>u�u{ojq�y qts>u{s\g s\g ~21 uzyeg�u}mngi�/o b\� � b
a\d qtmxg�q djb g $�gim a | b �%u a |�q ~ u}m�.�hjg,o d u{�\h 0 bed m�u 0~ 2b gih,gim k\m a b |tq��5�b mxq b s\gxhjg � k\�\s>u bed s�g�m
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� k��\s b �ed u}kK� ��k\g ��g ~ gihjh�q�o�u s�g s\k>u}h b}a g d uc0~ 2b g�h�s�g m�k\|�ojq a |�q ~ uc0~ 2u b g�s�k>u}h bea g d uc0~ 2b g�h�s\g
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bea g d uc0~ 2u b 'g d gzu}|�qCBzu{s>u�g�m k�m ~ q ~ | b s�g ~ b �/o d�b |tg �
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�5���,��	�� 3\� ,!- � 	�gis\k�0~ 2u b s\u ~ u a u ~ q�o{�u{� ~ qtu ~21 uzyegzu{s>u ~ b m mnu}��k�orgi��0~ 2u b s b
s�g�hjgim a g�� 1 b\�

��u4��q � k d u 3\� ,!- � l�� 'g u a\d g�h�g��/o�u}s\uwu4qtm a |�g�mxg��/o�uc0~ 2u b s b4a b |�qt�5�b mxq b s�g�hjg � k\�\s b
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u d g a\d gihjg��/oruc0~ 2u b s b hny{u}| bed gihxs�g ~ q�m�u{qth�g��/o d gw� g . � ��h ~ 'b s�q �eb h ~ kHGju d g a\d g�hjgi�/o�uc0~ 2u b
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) b m b b l�hjg d y{u}s b �>u���q � k d u 5�� 3 �\� b m:k\|�ojq a |�q ~ u{s bed �%�E���%C�u b}a g d uc0~ 2u b 'g d gzu}|�qCB�u}s>u
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a\d�b s�k�o b h a u d ~ q�u{qth � ��h�s b qth�l\q�ojh�mxg�� b h�hjq � �\q87 ~ u{ojq�y b h�h 2u b a\djb s\kABiqts b h�qtmxg�s\qtu{o�u{mngi��ojg
u a 'b h,u a\d qtmxg�q d u m�k\| orq a |tq ~ uc0~ 2u b �� �#�%m b h�o d u}s>u �>u-��q � k d u 5���9
� l�� � ��h s�g�mnu}qth�l\q orh
h 2u b b l�orq�s b h a gi|�u,u}s\q�0~ 2u b s b h
org d m b h
s b h a\djb s\k�o b h a u d ~ q�u{qth � ) b m b a b s�g�h�g d�b l\h�g d y{u}s b
�>u���q � k d u 5 � � �/k�orqt|�qCB�u ."h�g!u a g��>u}h
k\mnu�|tq�� 1 u�s\g ~ q d ~ k�q�o b h@h b mnu}s bed g�h d gih a b �\h 'u{yegiqth a gi|�u}h
h b m�u{h�s b h�org d m b h�s b h a\djb s\k�o b h a u d ~ qtu}qth � +5u d u k\mnu�u d ��k\q�ojgiojk d u�gim ~ 'b s\q �eb F '< l d q�s b
s\g@& l\q�ojh��/hjg d 2u b k�ojqt|�qCBzu{s>u}h � & &}���". , s\g�h�o�u}h
|tq�� 1 u}h�s\g!h b mnu}s b}d g�hi� ~ b m b hjg d 'u�m b h�o d u}s b
�>u a\d 'b $�qtmnu�hjg 0~ 2u b\�

��k�o djb u}h a g ~ o b unhjg d s\gih�oru ~ u}s b �>unu d ��k\q orgiojk d u�s b m�k\|�ojq a |�q ~ u}s bed F '< l d qts b �>m b h�.
o d u}s>u��>u ��q � k d u 5�� � � 'g���k\g�u}| � k\�\h ~ q d ~ k\q�o b h
h b mnu}s b}d g�h�h 2u b mnu}qth
hjq�m a |tg�hi��k\�\h a bed � 2u b
�\g ~ gihjhjq o�u d g�m s\g c��%�E�	C s\g g��/o d u}s>u g b k�o d�b h a bed � 2u b �\g ~ g�hjh�q�oru d gim s\g c��%�E�EC:s\g hju '< s\u �
� b h�h b m�u}s bed gih�s b h�m 'b s\k\| b h�s b h a\d�b s\k�o b h a u d ~ q�u}q�h��Ku b}a g d uc0~ 2u b s\g h b m�u 'g g 0 giojk>u}s>u
~ b m u-k�orqt|�qCB�uc0~ 2u b s b h���l\q�ojh�m�u}q�h�hjq � �\q87 ~ u{ojq�y b h,s b h m:k\|�ojq a |�q ~ u{s bed gih���k\gxg 0 giojk>u}m u}h
bea g d uc0~ 2b g�h 
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 ��g ~ b m b c��%�E�EC � g d u}s b�a gi| b ~ q d ~ k\q o b h b m�u{s bed
q�mngis\q�u{oru}mxg��/org u{��ojg d q bedi� �u}s b ��k\gng�h�org�h ~ q d ~ k�q�o b h�m�k\|�ojq a |�q ~ u}s bed g�h a b s\g�m � g d u d � b
m 'uH$�qtm b y}u{| bed g�h:| 'be� q ~ b h�q � k>u}qth u ,/, � b h�h�g�k\h:l\q�ojh:mnu}qth,hjq � �\q87 ~ u{ojq�y b h � .  . ? - ?
,/, � , �p�5| be�}b uwu{s\q�0~ 2u b s�g�h�ojg y{u}| bed ~ b m b c��%�E�	C � g d u}s b4a gi| b h b mnu}s bed qtmxg�s\qtu{o�u{mngi��ojg
u}�/ojg d q bed�� g d u � b m 'uH$�qtm b k\m3y{u}| bed q � k>u}|*u , � � . g�m s\g ~ qtmnu}| ���>u}h�hru '< s>u}h:s\g ~ u}s>u
h b m�u{s bed s\g ~ u}s>u�m 'b s�k\| b � � u d u}�/orqt��s b u}hjh�qtm 	 )�� � ?�� �

+5u d u b h b mnu}s bed ��k\g 0 u+B a u d ojg s>u4|�qt� 1 u d gih a b �\h 'u yeg�| a g�|tu4h b m�u4s b h a\d�b s\k�o b h
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a u d ~ qtu}qthi�!u bea g d uc0~ 2u b s\gwh b m�u 'g4g 0 gpork>u{s>u]k�orq�|tq8Bzu}�\s b�b y{u}| bed s\g c��%�E�EC � g d u}s b]a gi| b
h b m�u{s bed qtmxg�s\qtu{o�u{mngi��ojg�u}�/org d q b}d s\gih�oru4|tq�� 1 u ~ b m b h�y{u}| b}d g�h,s b h:�-l�q�orh,s b ~ q d ~ k\q o b
h b m�u{s bed m�u}q�h�hjqtm a |�g�h�� k�g 0 u+B a u d ojg:s b h�g � k��\s b m 'b s\k\| b s b h a\d�b s\k�o b h a u d ~ q�u}q�h � � b
~ u}h b g�m � k�g�u b}a g d uc0~ 2u b s\g m�k\| orq a |tq ~ uc0~ 2u b s b ~ q d ~ k\q�o b g��/y b |�yeg b h mnu}q b}d g�hxy{u}| bed g�h
s\g ~ q�m�u}q�h a b hjh '< yegiqth a u d u�gih�oru4u d � k�q�orgpork d u � , 5  , 5 ? �e� 5 �p�%u bea g d uc0~ 2u b s\gxh b mnu g���.
y b |�y}g��\s b:b hBy{u}| bed gih � g d u}s b h a bed g�h�ojg�h ~ q d ~ k\q o b h
h b m�u}s bed gih a\d�beacb}d ~ q b �>u�k\m d gihjk\| o�u}s b
�>u{h�hru '< s>u}h��� ��� s b ~ q d ~ k�q�o b h b mnu}s bed q � k>u{|�u , � � , � , �  , � , � ? , � ,/, � , � , � � �gih�o�u
0 bed m�u�� b l�hjg d y{u ."h�g � k�g b ~ q d ~ k�q�o b h b mnu}s bed ��k\g a\djb s\kAB b h�l\q orh�mnu}qth�hjq � �\q%7 ~ u{ojq�y b h�s b
d g�hjk�|�o�u{s b s\g�m�k\|�ojq a |�q ~ uc0~ 2u b ��k\� ~ u � g d u�k\m y{u}| b}d s\g c��%�E�	C�s�g,hju '< s\u �
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� a u d orq d s>u�u d ��k\q orgpork d u�s�g,m:k\|�ojq a |�q ~ u{s bed F '< l d qts b s\g 3 l�q�orh!m b h�o d u{s>u �>u���q � k d u 5�� � �
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gih�o d k�ork d u d g � k\|�u di� � ��q � k d u 5�� V�u a\d g�hjgi�/o�u�k\m a h�g�k\s b . ~ 'b s\q �eb ��k\g a g d mxq�ojg�u � g d uc0~ 2u b
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��	��1�
�}" � $��������������� � ��� �#�!"�$�!�g%�� )
+-,DC7EGFU|}JLK3M�E � P9+-c |}J@|}�ZA�R
AB, C�EGF�H�JLK3M�E � P9+-cBH�J HB�ZA�R
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��������	�� 5�� V � ��| �eb}d q�ojm b a u d u � g d uc0~ 2u b s\g�m�k\| orq a |tq ~ u}s bed g�h F '< l d qts b h�s\g�s\q 0 g d gi�/org�h
~ b m a\d qtmxg��/o b h!s�g a u}|�uzy d u �

� a hjg�k�s b . ~ 'b s\q �eb u a\d gihjg��/oru}s b �>u ��q � k d u 5�� V,m b h�o d u,��k\g�u}h*gih�o d k�ojk d u}h F '< l d q�s>u}h
h 2u b b l�ojqts>u{h a g�|tu d g a\d gihjgi��oruc0~ 2u b g�m 0 bed mnu{o bn� �M����s b h�org d m b h�s b h a\d�b s�k�o b h a u d ~ q�u{qth
g,h b mnu}s b}d g�h � � � 'k\mxg djb s\g ~ b |�k\�>u}h�g,|tqt� 1 u}h ~ b m a b h�oru}h a gi| b h�g�|�g�mxg��/o b h�u d q�orm 'giojq ~ b h
l 'u{hjq ~ b h���k\g s\g�7>�\gxu�u d ��k\q orgiojk d u ~ b m a |tgpo�u h 2u b ~ u}| ~ k\|�u{s b h�s\g�u ~ bed s b ~ b m b � 'k\mng djb
s\g�l\q orh d g a\d g�hjgi�/o�u}s bna gi|�u�y{u d q 'u{yegi| & �

� a gihru d s b u}| �ebed q orm b s>u ��q � k d u 5�� V m b h�o d u d u d ��k\q orgiojk d u{hxs�g m�k�|�orq a |tq ~ u}s bed gih
gim ~ 'b s\q �}b F '< l d q�s b �!��k\g d gzu}|�qCB�u}m bea g d u 0~ 2b gih g�m ~ u}s>u �ed k a b s\g �Tl\q�ojh�� b l\h�g d y}u ."hjg
��k\g h�g a b s\g u}s>u a oru d u hjk>u d g a\d g�hjgi�/o�uc0~ 2u b a u d u4u d g�u}|tq8Bzuc0~ 2u b s\g bea g d uc0~ 2b g�h:g�m ~ u}s>u
�ed k a b s\g #Yl\q�ojh � ��g�h�org ~ u{h b �Mo b}d �>u .�hjg���g ~ gihjh 'u d q b u k�ojqt|�qCBzu 0~ 2u b s\g g�|�g�mxg��/o b h�l 'u}hjq ~ b h
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�M� 5�� , � � '� d gzu��>g�m |�q�org d u}q�h�� a u d u b h�m:k\|�ojq a |�q ~ u{s bed gih �%�E���%C � qt� 'u d q b g F '< l d qts b\�
� 'k\mxg d�b s\g � q�� 'u d q b F '< l d q�s b
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h b m�u{s bed gih�g�m:k\|�ojq a |�q ~ u{s bed gih<�>u d g a\d gihjgi��oruc0~ 2u b s\u�l>u}hjg!� F � ��m�u}| �}bed q orm b h�g�mxg�| 1 u}�/org
0 b q�s\g�h�g��/y b | y qts b a u d u�y{u}| b}d s\g�= � g�� 'g d q ~ b\� ��h�g�h�o d k�ork d u}h d g�h�k\|�oru}�/org�h�s\gih�org�u}| �}bed q orm b
h�g d 2u b m b h�o d u{s>u}h acb h�org d q bed mxg��/org �
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) b m b m b h�o d u}s b �\u h�g�0~ 2u b u}�/ojg d q bed � b hxu}| �ebed q�orm b h,s>u}hx��q � k d u{h 5�� 5 g 5�� V a g d .

mxq�ojg�mXu�q�m a |tg�mxg��/oruc0~ 2u b s\g ~ q d ~ k\q o b h!m:k\|�ojq a |�q ~ u{s bed gih � qt� 'u d q b h*g�F '< l d qts b h a u d u���k>u{| .
��k\g d oru}m�u{� 1 b s\g a u}|�uzy d u � ��gih�o�u,hjg 0~ 2u b h 2u b m b h�o d u}s b h b h d gihjk\| o�u}s b h�s�g 'u d gzu�� u{o d u}h b g
a b oz�gi� ~ qtu a u d u�u d � k�q�orgpork d u}h�s�g�m�k\| orq a |tq ~ u}s bed g�h � q�� 'u d q b h%g�F '< l d q�s b h%s\g 3 �EV�� , ��� , 9 g . �
l\q orh � ��h d gihjk\| o�u}s b hBs�g 'u d gzu:g�u{o d u}h b h 2u b b l�orq�s b h�� b u}m:l\qtgi��ojg�� ��� � � 'u d g�u 'g�g�h�ojqtmnu}s>u
u a u d ojq d s b � 'k\mng djb s�g�|tq org d u}qth�s b h ~ q d ~ k\q o b h � ��h d gihjk\| o�u}s b h�s\g u{o d u}h b h 2u b b l�orq�s b h�u
a u d orq d s>u h b m�u s b h u o d u{h b h ~ u d u ~ org d '< h�q�ojq ~ b h � u{o d u}h b � g�� 'g d q ~ b s>u l\q�l\|tq b org ~ u ������� ��s\g
~ u}s>u acbed o�u�qt�\s�q�y qts\k\u}| a\d g�hjgi�/org � b ~ u}mxqt� 1 b ~ d '< orq ~ b s b h ~ q d ~ k�q�o b h � ��h d g�h�k\|�oru}s b h�s\g
~ b �\hjk�m b s\g a b oz�gi� ~ qtu h 2u b u a\d g�h�g��/o�u}s b h ~ b m y{u}| bed gih b l�ojqts b h ~ b m u 0 g djd u{mngi��oru������c�
~ b m m b s�g�| b s\gxu{o d u}h b Big djb �%g ~ b m u 0 g d�d u}mxg��/oru����%�c�M��k\g�|tgiy{u gim ~ b ��hjqts�g d u 0~ 2u b�b h
g 0 g�q�o b h!s\gsiW^a`"bdcfeg`"hgiAn���k\g�h 2u b m�k�q�o b ~ b m�k\��h�gim ~ q d ~ k\q�o b h!s b orq acb m�k�|�orq a |tq ~ u}s bed gih �
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��h�u d ��k\q orgiojk d u{h s\g ~ q d ~ k�q�o b h m�k\| orq a |tq ~ u}s bed g�h � qt� 'u d q b g F '< l d q�s b �%�E���%C u a\d g�hjgi�/o�u}m
ojg d m b h�s�g a\djb s\k�o b h a u d ~ q�u{qth:g $ a\d gihjh b hngim 0 bed mnu}h s\q 0 g d g��/ojg�h � �
��� k\u}�/o b � k�g�u u d .
��k\q orgiojk d u � qt� 'u d q�uTk�orqt|�qCB�u �  � a bed oru}h �����@��u{h�u d ��k\q orgiojk d u{h�F '< l d qts\u}h k�ojqt|tq8Bzu}m
� 
e�  � 
}� gi|tgimngi��o b h!m�k\| orq a |tq ~ u}s b}d g�hBl 'u}h�q ~ b h�� ~ b m b m b h�o d u}s b �\un��q � k d u 5�� . �

� a gihru d s>u{hBu d ��k\q�ojgiojk d u}h F '< l d qts>u}h@k�orqt|�qCB�u d gim�mxgioru}s\g�s b h
g�|�g�mxg��/o b h�s�g a�djb s\k�o b
l 'u{hjq ~ b h ~ b m a u d u{s b vu}h!u d ��k\q�ojgiojk d u}h � qt� 'u d q�u{h�� b l\h�g d y{u .�hjg���k\g ~ u}s>u�gi|tg�mxg��/o b m�k\| orq a |tq .
~ u}s bed F '< l d qts b l 'u{hjq ~ b 'g ~ b m acb h�o b�a bed V acb}d o�u{h@| 'be� q ~ u}hi� ~ b m b m b h�o d u}s b �>u �5q � k d u 5�� . �
�gih�o�u 0 bed m�u�� b h@m�k\| orq a |tq ~ u}s b}d g�h6F '< l d q�s b h@u a\d gihjg��/oru}m#k\mnu�m�u}q bed ��k>u{��ojqts>u{s\g!s\g acb}d .
oru}h�| 'b}� q ~ u}hBgim d g�|tuc0~ 2u b u b h*m:k\|�ojq a |�q ~ u{s bed gih � qt� 'u d q b h�� a u d u d gzu{|tqCB�u d�b h a\d�b s\k�o b h a u d ~ q .
u}q�h � ��| 'gim s\q�h�o b � ~ b m b m b h�o d u}s b �>u  5u}l g�|�u 5 � , ��� b h�g�|tgimngi�/o b h�h b m�u{s bed gih
F '< l d q�s b h
l 'u{hjq ~ b h�s�g �nl\q orh�u a\d gihjgi��oru}m mnu}q bed 'u d g�ung�m d gi|�uc0~ 2u b u b h�gi|tg�mxg��/o b h � q�� 'u d q b h � �gih�o�u
0 bed m�u�� ~ b m b m b h�o d u}s b�a gi|�u  �u}l g�|tu 5�� , ��� b h�m�k�|�orq a |tq ~ u}s bed gih�F '< l d q�s b h �%�	���%C-u a\d gp.
h�g��/o�u}m mnu}q bed 'u d gzu g�m d g�|�u 0~ 2u b u b h�m�k�|�orq a |tq ~ u}s bed gih � q�� 'u d q b h �%�E���%C a u d u ��k>u{|t��k\g d
oru}m�u{� 1 b s\g a u}|tuzy d u �
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� a gihru d s b h%m�k\| orq a |tq ~ u}s bed g�h F '< l d qts b h<u a\d gihjgi��oru d gim�mnu}q bed 'u d gzu�� g�h�o�u}h�u d ��k\q orgiojk d u{h a b .
s\gim u a\d g�h�g��/o�u d mxg�� bed y{u}| bed s\g,u{o d u}h b gim d gi|�uc0~ 2u b u b h�m�k\| orq a |tq ~ u}s bed g�h � qt� 'u d q b h*orq acb
�%�E���%C � ) b m b m b h�o d u}s b �>u  5u}lcgi|�u 5�� ,!. � a u d u u d � k�q�orgpork d u}h�s\g ~ q d ~ k\q�o b h�mnu}qth ~ b m .
a |�g�$�u}h � s\g�m�u}q bed ~ b m a�d qtmxg��/o b s\g a u}|�uzy d u{h��p� b h@m�k\|�ojq a |�q ~ u}s bed g�h F '< l d qts b h@u a\d g�hjgi�/o�u}m
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d g�|�u 0~ 2u b vu}h�u d ��k\q�ojgiojk d u}h � q�� 'u d q�u}h � �@h�org 0 u{o b b ~ bedjd g acb qth a u d u g�h�oru}h�u d ��k\q orgpork d u}h!m�u{qth
~ b m a |tg�$�u}hi�
u}h�u d � k�q�orgpork d u}h F '< l d q�s>u}h:u a\d gihjgi��oru}m mxg�� bed:a\djb 0 k��\s\qts\u}s\g | 'be� q ~ u ~ b m b
m b h�o d u}m b h d g�h�k\|�oru}s b h�s>u  5u}lcgi|�u 5 � ,�� � ��h d gihjk\| o�u}s b h�u a\d g�hjgi�/o�u}s b h��>u  �u{lcgi|�u 5�� ,��
0 bed u}m b l�ojqts b h%� b u}m�l\q�g��/org*����� g�m b h�o d u}mPu�� k\u}�/orqts\u}s\g*s�g*� '< yeg�q�h5| 'be� q ~ b h%u a\d g�h�g��/o�u}s\u
a bed ~ u{s>u k\m�u s>u{h�u d ��k\q�ojgiojk d u}h �

) b m a u d u}�\s b4b h d g�h�k\|�oru}s b h s>u}h  �u}l g�|tu}h 5 � , 9 g 5�� ,�� � b l\h�g d y{u .�hjg ��k\g a u d u ~ q d .
~ k\q�o b h!m�k\| orq a |tq ~ u}s bed g�h�s\g a u}|tu y d u}h�m�u}q bed gih�s b ��k\g 3 l�q�orhi�>u a\djb 0 k\�\s\q�s>u}s\g�| 'be� q ~ u�s>u}h
u d ��k\q�ojgiork d u}h6F '< l d q�s>u}h<h 2u b mngi� bed g�h�gim d gi|�uc0~ 2u b vu{h�u d � k�q�orgpork d u}h � qt� 'u d q�u{h � �g�h�o�u 0 b}d mnu��
mxg�h�m b�a u d u g��/o d u}s>u}h�k\�\q 0 bed mxg�mxg��/org�s�qth�o d q�l\k '< s\u}h!��k>u}�\s b 'g ~ b �\h�qts\g d u}s bnb g 0 giq�o b s>u
a\d�bea u � uc0~ 2u b s\g iW^a`"b�cfeg`"hgiAn b hxm�k\|�ojq a |�q ~ u}s bed g�h�F '< l d qts b hxu a�d g�h�g��/o�u{m mxg�� bed ~ b �\h�k\m b
s\g a b oz�gi� ~ qtu � �@�/o d gio�u{��o b �*h�g�g�h�ojg�g 0 g�q o b � 2u b 'g ~ b �\hjq�s\g d u}s b � b k hjg Gju��*h�g 'g k�orqt|�qCB�u}s b
m b s�g�| b s�g:u{o d u}h b Big d�b �>u�g�h�orqtmnu{ojq�y{u s\g a b oz�g�� ~ q�u�� b h�m�k�|�orq a |tq ~ u}s bed gih�F '< l d q�s b h�u a\d gp.
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 5� � �
�<� 5�� ,�� � + djb 0 k\��s\qts>u{s\g�| 'be� q ~ u a u d u�m�k\| orq a |tq ~ u}s bed g�h �%�E���%C � qt� 'u d q b g F '< l d qts b\�
� 'k\mng djb � 'k\mxg djb s�g � '< y}g�qth �q 0 �
s\g � q�ojh � qt� 'u d q b F '< l d q�s b F�q�l � � q��
3 ,�� ,�� ��� � �
V 3 � . 9 . , ��� � �
, � 9+3 5+9 . , ��� 5	�
, 9 V V � 9 . ,!. � 9 �

h�g��/o�u}m m�u}q bed ~ b �\h�k\m b s\g a b oz�gi� ~ qtu a u d u�gi�/o d u{s>u}h�k\�\q 0 bed mxg�mxg��/org�s\qth�o d q�l\k '< s>u}h � �"h�o b
b ~ bed�d g a g�| b 0 u{o b s\u}hxu d ��k\q orgiojk d u{h F '< l d qts>u{hnu a\d gihjg��/oru d gim mnu}q bed gih�y}u{| bed g�h s\g 'u d g�u��
~ b m b m b h�o d u{s b �>ux 5u}l g�|tu 5�� , � �

C+�'&+� 6 � :Ay =  "� , � = :�#�/ % � K � 5 , :�# �% �� , / � :A "� K S, �� % #�/Y8@# � #�/ , � F
��u}h a g ~ o b s b u}| o b � '< y}g�|<s\g d g � k\|�u d qts\u}s\g�m b h�o d u}s bxa g�|�uxu d � k�q�orgpork d uxgim ~ 'b s�q �eb

F '< l d qts b u a\d gihjg��/oru}s>u��>u�hjg�0~ 2u b u}�/org d q b}d � a b hjh�qtl\q�|tq�oru�k\mnu 0 'u ~ qt|�g $ org���h 2u b,a u d u bea g d uc0~ 2b g�h
~ b m bea g d u}��s b h�s�g:s\q 0 g d gi�/org�h�l>u}hjgih � �
�/o d gioru}�/o b � b h d g�h�k\|�oru}s b h�m b h�o d u}s b h�u{o 'g b�a\d gp.
h�g��/org-m b mngi��o b a u d u b m�k�|�orq a |tq ~ u}s bed:� qt� 'u d q b ~ b �\h�qts\g d u d u}m k\m m:k\|�ojq a |�q ~ u{s bed orq acb
�%�E���%C ~ b ��y}g�� ~ q b �\u}| � F @ � �+- �<b �\s�g u{h bea g d uc0~ 2b g�h�h 2u bxd gzu}|�qCB�u}s>u}h�l�q�o�u l\q�o �

��g�h�org�o d u}l>u}| 1 b � b l\hjg d y{u ."h�g ��k\g,u}h�mxg�h�m�u}h ~ u d u ~ org d '< h�orq ~ u}h!s b h bea g d u}s bed gih�u d q�o�.
m 'giojq ~ b hx��k\g bea g d u{m g�m ~ 'b s\q �eb F '< l d q�s b acb s\gim o�u}m�l 'g�m hjg d gim a\d g � u{s>u}hxg�m bea gp.
d u}s bed g�h g�m ~ 'b s�q �eb � q�� 'u d q b\� ��gih�ojg ~ u}h b ��oru}m�l 'gim 'g a b hjh '< yegi|�u]qtm a |tgimngi�/o�uc0~ 2u b s\g
~ q d ~ k\q�o b h�m:k\|�ojq a |�q ~ u{s bed gih�g�m ~ 'b s\q �eb � q�� 'u d q b�bea g d u}�\s b gim �ed k a b h�s\g = l\q orh � �gih�o�u
0 bed m�u���u}h ~ b �\hjq�s\g d uc0~ 2b g�h 0 giq�oru}hB��g�h�oru:hjg 0~ 2u b � a u d u m:k\|�ojq a |�q ~ u{s bed gih@��k\g bea g d u}m#�>u,l>u}hjg
� F � a b s�g�m h�g d u}s b oru}s>u}h a u d u�u}m�l\u}h�u}h d g a\d gihjg��/oruc0~ 2b gih �

��g�h�o�u�hjg�0~ 2u b h 2u b m b h�o d u}s b h b h,u}h a g ~ o b h d gi|�u ~ q b �\u}s b h ~ b m u bea g d u 0~ 2u b s\g�m�k\| .
ojq a |�q ~ u 0~ 2u b �>u-l>u}h�g � F ��u{| 'g�m s>u}h�u d ��k\q�ojgiojk d u}h,g�h a g ~ '< 7 ~ u}h a u d u-s\q 0 g d g��/orgih �ed k acb h s\g
= l\q orh � � 2u b u a\d g�hjgi�/o�u}s b h d g�h�k\|�oru}s b h�s>u}h�u}��k\q orgiojk d u{h�g�m ~ 'b s�q �eb h � qt� 'u d q b g F '< l d q�s b
a u d u �ed k a b h�s\g-l\q�ojhns�g-oru}m�u{� 1 b h =@?���� 3 g V � �@hjh�g�h�y{u}| bed gih�h 2u b ~ b m a u d u}s b hxu b
m�k�|�orq a |tq ~ u}s bed �%�E���%C � q�� 'u d q b ~ b �/yeg�� ~ q b �>u}| � =@? , � � �@hjh�g�h!y{u}| b}d g�hBs\g �ed k a b h�s\g =(l\q orh
a g d mnq org�m u ~ b �\h�o d k50~ 2u b s\g gih�o d k�ojk d u}h d g � k\|tu d gih�� a u d unu}h�u d ��k\q�ojgiork d u}h�s\g , 9 l\q�ojh���k\g
h�g d 2u b m b h�o d u}s>u}h�u a u d orq d s\gih�o�u a u d ojg*s b o d u}l>u{| 1 b\� �@�/o d gio�u{��o b � a u d u�u d � k�q�orgpork d u}h ~ b m
oru}m�u{� 1 b h�s\g a u{|�uzy d u}h�s\g � l\q orh 'g acb hjh '< yegi|�k�ojqt|tq8Bzu d�b k�o djb h �ed k acb h�s\g+= l�q�orhi�cs�g�hjs�g
��k\g,u d g � k\|�u d qts>u{s\g�s>u�u d � k�q�orgpork d u hjg Gju�mnu}�/orqts\u �

�u�mxg�h�m�u 0 b}d mnu ~ b m b u a\d g�hjgi�/o�u}s b �>u hjg 0~ 2u b u}�/org d q bed � b h d g�h�k\|�oru}s b h!s�g 'u d gzu g
u{o d u}h b h 2u b�b l�orq�s b h<� b u}m�l\q�g��/org*����� � ��h%y{u}| bed gih<s\g a b oz�g�� ~ q�u�h 2u b�b l�orq�s b h<�>u 0 g d�d u}mxg��/o�u
���%� ~ b ��hjqts�g d u{�\s b�b g 0 g�q o b s\gYiW^a`"b�cfeg`"hgi �

��u-h�g�0~ 2u b u}�/org d q bed 0 bed u}m k�orq�|tqCB�u}s b h�s�q 0 g d g��/orgih:� 'k\mxg d�b h�s\g acb �/o b h a u d u u}h:u d .
��k\q orgiojk d u{h�s\g m�k\| orq a |tq ~ u}s bed g�h ~ b m s\q 0 g d g��/ojg�h�� 'k\mxg d�b h�s\g�l\q orh � �@��o d gpo�u}�/o b �%s�giyeg ."h�g
b l�hjg d y{u d ��k\g!k\m �ed u{�\s\g�� 'k\mxg d�b s\g a b �/o b h�k�orq�|tq8Bzu}s b � b h�hjqt�\u}qth5s\g!g��/o d u}s>u a b s�g!u ~ u d .
d gio�u d g�m�k\mnu �ed u}�\s\g ~ u d�� u ~ b m a k�o�u ~ q b �\u}|�� a\d qt� ~ q a u}|�mngi�/org,g�m ~ q d ~ k\q o b h�mnu}qth ~ b m .
a |�g�$ b h ~ b m�k\m#mnu}q bed � 'k\mxg djb s\g�gi��o d u}s\u}h � ~ b m b�acb}d g $�g�m a | b � b h�m:k\|�ojq a |�q ~ u{s bed gih�s\g
, 9 l\q orh�k�orq�|tqCB�u}s b h@��g�h�ojg�o d u}l>u{| 1 b � � �gih�o�u 0 bed mnu���u a u d ojq d s\gih�o�u a u d org�s b o d u}l>u{| 1 b h 2u b
k�ojqt|�qCBzu{s b h , �e�e�e� a b �/o b h�� b h�hjq��>u}qth�s\g b ���gcfm d g�u}|�g d u{�\s5�b mxq ~ b ~ b m b k\mnu l b u d g a\d gp.
h�g��/o�uc0~ 2u b s b h h�qt�>u}q�h�s\g gi��o d u}s\u�� ~ b m b m b h�o d u}s b uwh�g � k\q d�� �
h�org � 'k\mxg d�b s\g a b �/o b h
gih�o�u{lcgi|tg ~ g�k\m�u mnu}q b}d y{u d qtuc0~ 2u b g��/o d g b h�l\q orh!g�k\mnu mngi� bed ~ u dj� u ~ b m a k�o�u ~ q b �>u{| �
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� O /l�1# ( , 3 , %  KJ, 89�1�w2@�./ � , �1�x: , /?2 , OQ8.�1:�#�2�#
) b m bna �b s\g h�g d y qth�o b �\u}h�hjg 0~ 2b gih,u}�/org d q bed g�hi� b � 'k\mxg d�b s\g a b �/o b h�k�orq�|tq8Bzu}s b � b h

y}gio b}d g�h4s\g�gi�/o d u{s>u�s b h ~ q d ~ k�q�o b h-s�giorg d mxqt�>uQk\mnu y{u d q�uc0~ 2u b � b h4h�g�k\h ~ b �\h�k\m b h s\g
a b oz�gi� ~ qtu � �g 0 u{o b ����k>u}�/o b mnu}q b}dBb � 'k�mng djb s\g acb �/o b h�k�ojqt|tq8Bzu}s b mxg�� b}d*b ~ b �\hjk\m b s\g
a b oz�gi� ~ qtu s b h ~ q d ~ k\q�o b h � �"h�o b-b ~ bedjd g s\giy q�s b vu mnu}q b}d ~ b}djd gi|�uc0~ 2u b � b hjq��>u}|���k\g a\d�beacb}d .
~ q b �>u k\mnu mxg�� bed y{u d q�uc0~ 2u b u}l d k a o�u�g��/o d g b h�l\q�ojh � �W��q � k d u 5�� - m b h�o d u k\m �ed 'uE7 ~ b
s b ~ b �\hjk\m b s\g a b oz�g�� ~ q�u s\g m:k\|�ojq a |�q ~ u{s bed gih�s\g , 9 l\q�ojh�� F '< l d qts b � =@?�����g � q�� 'u d q b
~ b �/yeg�� ~ q b �>u}| � =@? , � � ~ b m k\m�u�y{u d q�uc0~ 2u b � b � 'k\mng djb s\g a b �/o b h�s b hjq��>u}|Ks\g)b����gcfm d g�u}|
u a |tq ~ u}s b vu{h�gi�/o d u{s>u}h �
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 Multiplicadores 16 bits:

− Código Binário

.. Código Híbrido

��������	�� 5�� - � ��u d qtuc0~ 2u b s>u acb oz�g�� ~ q�u ~ b m b � 'k\mxg djb s�g a b �/o b h a u d u m�k�|�orq a |tq ~ u}s bed gih
s�g , 9 l�q�orh �

) b m b�acb s\g4h�g d b l\hjg d y{u}s b �\u]��q � k d u 5�� - � b mnu}q bed � 'k\mxg d�b s\g acb �/o b h d g�s\kAB
a\d�be�ed g�hjh�q�y{u}mxg��/org b ~ b �\hjk\m b s\g a b oz�g�� ~ q�u�s b h ~ q d ~ k\q�o b h � � a u d orq d s>u m 'uH$�qtmnu d g a\d gp.
h�g��/o�uc0~ 2u b s b hjq��>u}| � � ��� � ��s\gpyegp.�hjg b l\h�g d y}u d � k�g b ~ b �\h�k\m b s\g a b oz�g�� ~ q�u]hjg d g�s\kAB u
� '< yegiqth m '< �\q�m b h � a\d 'b $�qtm b h�u B�g djb � � �"h�o b s\giy qts b vu mnu}q bed ~ bed�d g�|tuc0~ 2u b gi�/o d g b h�l\q orh
��k\g�s\gporg d mnq��>u k\m l>u{q%$ b � 'k\mng djb s\g o d u}�\h�q�0~ 2b g�h�� b hjq��>u}| � �Xu}h a g ~ o b s>u d gis\k�0~ 2u b s b
~ b �\hjk�m b s\g acb oz�g�� ~ q�u a u d u�k\m#mnu}q bed � 'k\mxg djb s\g a b �/o b h a b s�g�h�g d
d g a\d gihjgi��oru{orq y b a u d u
k\mnu�orgi�\sK�gi� ~ qtu vu�k�ojqt|tq8Bzuc0~ 2u b s\g!k�m�� 'k\mxg djb u{qt�\s>u�mnu}q bed s\g a b �/o b h � � b g��/oru}�/o b ��� b oru .
h�g ��k\g g�$�qth�org:k�m s\giojg d mxqt�\u}s b |tqtmxq�ojg�gim���k\g � 2u b hjg b l\hjg d y{unmnu}q�h���g�� 1 k\m(g 0 giq�o b s\g
d g�s\k�0~ 2u b s>u}h5y}u d q�u 0~ 2b gih�g��/o d g�s>u}s b h ~ b ��hjg ~ k�orq y b h@� b hjqt�\u}|�s�g!g��/o d u}s>u � +�u d u�g�h�ojg!|tq�mnq org}�
� 2u b h�g,o bed �\u�mnu}q�h acb hjh '< yegi| a�d u{ojq ~ u{mngi��ojg��\g�� 1 k�m�u d gis\k�0~ 2u b s\g ~ b �\hjk\m b s\g acb oz�g�� ~ q�u
s b h ~ q d ~ k\q o b h �

C+�'&+� 6@��� O 3 ,gKJ, 89�1�./ v � K #�2@�.: , / , � = 3"�� 5 3� % #$2��x: , / � S#�/; % �./
��h!u d ��k\q orgpork d u}h*s\g�m�k\|�ojq a |�q ~ u}s bed g�h � q�� 'u d q b g#F '< l d qts b �>u:l\u}hjg�� F h 2u b ~ b m a b h�oru}h a bed
gi|tg�mxg��/o b h
l 'u}hjq ~ b hi��� k�g a\d�beacb}d ~ q b �>u}m u}h bea g d u 0~ 2b gihBs b h a\d�b s�k�o b h a u d ~ qtu}qth � �g�u ~ bed s b
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~ b m b y{u}| bed s\g = �%h 2u b u a |�q ~ u{s b h�g�|�g�mxg��/o b h�h b mnu}s bed g�m�k�|�orq a |tq ~ u}s bed l 'u}hjq ~ b hi� ~ kHGju}h
a\d qt� ~ q a u{qth ~ u d u ~ org d '< h�orq ~ u}h!h 2u b m b h�o d u}s>u}h�u�hjg � k\q di�

� O 3 ,gKJ, 89�1�./ v � K #�2@�x: , / � S#�/; % �./
��h ~ q d ~ k�q�o b h h b mnu}s bed g�h-l 'u}h�q ~ b h h 2u b�d g�h a b �\h 'u{yegiqth a gi|�u}h�h b m�u}h-s b h a\d�b s\k�o b h

a u d ~ qtu}qth � ��| 'g�m s\qth�o b ��g�h�org�h ~ q d ~ k\q�o b h g�h�o 2u b a\d gihjgi��ojg�hn� b h�m 'b s\k\| b h�s b h org d m b h�s b h
a\d�b s�k�o b hi� ~ b m b m b h�o d u}s b �>un�5q � k d u 5�� � � a u d u�k\m m�k�|�orq a |tq ~ u}s bed �%�E���%C
F '< l d q�s b s\g 3
l\q orh � ) b m b y qth�o b �>u���g 0~ 2u b 5 � , � � � , � b h ~ q d ~ k\q o b h5h b mnu}s b}d g�h bea g d u}��s b s\q d gioru}mngi�/org ~ b m
b ~ 'b s�q �eb F '< l d q�s b h 2u b mnu}q�h ~ b m a |tg $ b h�s b ��k\g b h�h b m�u{s bed gih � qt� 'u d q b h�g unh�k>unmxg�| 1 bed
q�m a |�g�mxg��/o�u 0~ 2u b�a u d u � =@?���� 'g�k�ojqt|�qCBzu d k�mWh b mnu}s bedB� qt� 'u d q b g 0 u+B�g d u}h ~ b �/yeg d h 2b g�h��>u}h
gi��o d u}s\u}h�g,hju '< s\u}h � ��m g�$�g�m a | b s\g�h�o�u bea g d uc0~ 2u b 'g�m b h�o d u}s b �>u���q � k d u 5�� , � a u d u k\m
h b m�u{s bed s\g V�l\q�ojh ~ b m =@?,� �

Somador Binário 
8 bits

Cin A3 A0 B5

Cout S1 S0
 Valores dos bits de saída

em código Híbrido

A1A2 B4B7 B6

S3 S2

Valores dos bits de entrada
em código Híbrido

B0B1B2B3A7 A4A5A6

S4 S3S7 S6 S5

�����,��	�� 5 � , � � �;$�g�m a | b s\g�k\m h b mnu}s bed F '< l d qts b s\g V l\q orh ~ b m =@?,� �

) b m b y q�h�o b � b g $�g�m a | b s>u���q � k d u 5�� , ��� a u d u k\m ~ q d ~ k\q o b h b mnu}s bed s�g)V l\q�ojh��
~ b m =@?����*h 2u b ��g ~ gihjh 'u d qtu}h , � a bed oru}h�| 'be� q ~ u{h ������� a u d u ~ b ��y}g d h 2u b s b hns\u}s b hx�>u}h
gi��o d u}s\u}h�g�hju '< s>u{h � +5u d u ~ b �/yeg d h 2u b s\g a u}|�uzy d u{h�s\g � l\q orh��>u{h�g��/o d u}s>u}h@g*hru '< s>u}h�s�g�k\m
h b m�u{s bed F '< l d qts b ~ b m =@?,� �}h 2u b �\g ~ g�h�h 'u d q�u}h � � a bed o�u}h5| 'be� q ~ u}h ����� � � ��u ork d u}|tmxg��/org{�
q�h�o b q�m a |tq ~ u ��k\g b h h b mnu}s bed g�hF '< l d qts b h ~ b m =@?,�]h�g d 2u b mnu}q�h ~ b m a |�g�$ b h s b ��k\g
b hxh b m�u}s bed gih � q�� 'u d q b h�u a\d g�h�g��/o�u}��s b k\m m�u{q bed y{u}| bed s\g 'u d gzu�� ~ b m b m b h�o d u}s b �>u
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�@m�l bed u b h�h b mnu}s bed g�h F '< l d qts b h ~ b m =@?�� a b hjhju}m hjg d 0 u ~ q�|tmxg��/org q�m a |tg�mxg�� .
oru}s b h�k�orq�|tqCB�u}�\s b h b m�u{s bed gih � q�� 'u d q b h�g a bed oru}h ����� � a u d u�u ~ b �/yeg d h 2u b s b h�s>u}s b h�s\g
gi��o d u}s\u:g�hru '< s>u�� g�h�o�u�mxg�h�m�u:gih�o d u{o 'g � qtu � 2u b:acb s\g�h�g d u}s b o�u}s\u a u d u �ed k acb h�s\g�l\q orh:=
mnu}q b}d g�h�s b ��k\g�� � �"h�o b s\gpy�q�s b vuxm�u{q bed ~ b m a |�g�$�qts\u}s\g�s\g ~ b �/yeg d h 2u b g��/o d g b h ~ 'b s\q �eb h
� q�� 'u d q b g � d u�� a u d u k\m � 'k�mng djb mnu}q b}d s\g:l\q�ojh � �@��k>uc0~ 2b g�h 3\� . g 3\� 3 � � �gih�o�u 0 b}d mnu��
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s\q d gpo�u}mxg��/orgng�m ~ 'b s\q �eb F '< l d qts b � hjgim a bed oru}h�| 'b}� q ~ u}h ����� � a u d u ~ b �/yeg d h 2u b s b h�s>u .
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gim d g�|tuc0~ 2u b u b h ~ q d ~ k\q o b h � q�� 'u d q b h�� a u d u yegpo bed g�h�s\gxg��/o d u}s>u-s\g�b ���gcfm d gzu}| � �gpyegxhjg d
b l�hjg d y{u}s b ��k\g�� k\u}�/o b m�u}q bed�b y{u}| bed s\g�=Wm�u{q bed5b y{u}| bed s�g a b oz�g�� ~ q�u�s>u}h�u d ��k\q�ojgiork d u}h
� s\giy qts b vu�m�u{q bed ~ b m a |tg $�q�s>u}s\g�s b h�m 'b s\k\| b h!l 'u}h�q ~ b h��!g�m�u}q bed u d g�s�k�0~ 2u b s\g acb oz�g�� ~ q�u
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�Zg�h�o d k�ork d u:s>u,u d ��k\q orgpork d u,s b m�k\| orq a |tq ~ u}s bed �%�E���%C��\u l>u}h�g�� F 'g�u�mngihjmnu�s b ��k\g�k\m
m�k�|�orq a |tq ~ u}s bed orq acb �%�E���%C ~ b �/y}g�� ~ q b �>u{| � �@�/o d gio�u{��o b � ~ u{s>uw|tq�� 1 u�s b a\djb s\k�o bwa u d ~ qtu}|
bea g d u!g�m �}d k a b hMs\g = l\q�ojh<u b qt�/y 'g�h<s\g
k\mnu bea g d uc0~ 2u b l\q�oMu�l�q�o � �"h�o b�d g�s�kAB b � 'k�mng djb s\g
|�qt� 1 u{h�s�g a\d�b s\k�o b:a u d u � F � � ��q � k d u 5�� ,!. m b h�o d u,u�u d � k�q�orgpork d u s\g�k\mYm�k\| orq a |tq ~ u}s bed
�%�E���%C�s\g�Vwl�q�orh:�>uwl>u}h�g , 9 � =@? 3 � � �gpyeg ."hjg b l\hjg d y{u d ��k\g�u u d � k�q�orgpork d uwm b h�o d u}s>u
�>u ��q � k d u 5�� ,!. 'g4u mngihjmnu a u d u bea g d uc0~ 2b g�hng�m ~ 'b s\q �}bT� q�� 'u d q b b k ~ 'b s\q �eb F '< l d qts b\�
��s�q 0 g d g���0~ u ~ b �\h�qth�org�� b h�m 'b s\k\| b h�l 'u}hjq ~ b h�h b m�u{s bed g m�k�|�orq a |tq ~ u}s bed �G��k\g bea g d u{m s\g
u ~ bed s b ~ b m b h ~ 'b s\q �}b h ~ bed�d gih a b �\s\gi��ojg�h�g�m h�k>u}h�g��/o d u}s>u}h �
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Caminho
crítico

��������	�� 5�� ,!. � � d ��k\q orgpork d uxs\g�k\m m�k\|�ojq a |�q ~ u}s bed �%�E���%C�s\gYV l\q orh!�>u�l>u}h�g , 9��

) b m b acb s\g�h�g d�b l�hjg d y{u}s b �>u��5q � k d u 5�� ,!. ��g�mWk\mWm�k\|�ojq a |�q ~ u}s bed s\g � l�q�orhBh 2u b
�\g ~ gihjh 'u d q�u{h � F |tq�� 1 u}h s\g a\d�b s\k�o b hi�
ojg��\s b ~ u}s>u k\mnu � F m 'b s\k�| b h l 'u}hjq ~ b h s�g = a bed
=�m�k\| orq a |tq ~ u}s bed g�hBg b mxg�h�m b � 'k\mxg d�b s\g = a bed = h b mnu}s bed g�h � ��m�u |�qt� 1 u u{s\q ~ q b �>u{|
~ b m a b h�o�u a bed � F #�, s\g�h�hjgih�gi|tgimngi��o b h�h b m�u{s bed gih�l 'u}h�q ~ b h 'g d g�h a b �\h 'u{yegi| a gi|�u�h b mnu�s b h
ojg d m b h
s b h a\d�b s�k�o b h a u d ~ qtu}qth � �@h�oru gih�o d k�ork d u a b s\g 0 bed �\g ~ g d ��k>u}|���k\g d ~ b m�l\qt�\uc0~ 2u b s\g
y{u}| bed gih a u d u � g = �

��u}h�u d ��k\q�ojgiojk d u}h�s b h�m�k\| orq a |tq ~ u}s bed g�h �%�E���%C �\u�l>u}h�g � F � a b s\g:h�g d�b l\hjg d y{u}s b b
d g�|�u ~ q b �>u}mxg��/o b gi�/o d g u ~ b m a |�g�$�qts>u{s\g s b h�m 'b s\k\| b h�l 'u{hjq ~ b h�g�u � k\u}�/orqts\u}s\g�s\g�|tq���.
1 u{h*s\g a�djb s\k�o b h a u d ~ q�u{qth � � k>u}�/o b mnu}q bedBb y}u{| bed s\g = ��mngi� bed�b � 'k\mxg djb s\g�|�qt� 1 u{hBs\g
a\d�b s�k�o b h a u d ~ qtu}qth<g*mnu}q bed u ~ b m a |�g�$�qts\u}s\g
s b h5m 'b s�k\| b h<h b m�u{s bed g*m�k\| orq a |tq ~ u}s b}d�� �@��.
o d gioru}�/o b � ~ b m b hjg d 'u�m b h�o d u}s b �>u a\d 'b $�qtmnu�hjg 0~ 2u b � 'g acb hjh '< yegi| � g d u d m 'b s\k�| b h b orq�mnq8Bzu}s b h
a u d u�y{u}| bed g�h!s\g =@?���g 3\�

� � # K  j8�B�� � :$Su �� % �
��h�m�k\| orq a |tq ~ u}s bed g�h �%�E���%C��>u�l>u}hjg�� F h 2u b ~ b m a b h�o b h��>uxh�k>u�gih�o d k�ork d u a bed g�|�gp.

mxg��/o b h�l 'u}hjq ~ b h�h b m�u}s bed gih!g,m:k\|�ojq a |�q ~ u{s bed gih � � ~ b m a |tg�$�q�s>u}s\g�s\u}h�u d ��k\q�ojgiojk d u}h!gih�o 'u
u}h�h b ~ qtu}s>u-u b4�ed k a b s\g = l\q orh,k�orq�|tqCB�u}s b\� � u{o d u}h b s\g ~ u}mxqt� 1 b ~ d '< ojq ~ b s\u}h�u d ��k\q�ojgp.
ojk d u}h�y{u d q�u4s�g�u ~ bed s b ~ b m3u � k\u}�/orqts\u}s\g g ~ b m a |�g�$�qts\u}s\g s b h m 'b s�k\| b h:l 'u}hjq ~ b h � �
|�qt� 1 u acb ��ojqt| 1 u}s>u,s>u ��q � k d u 5 � ,!. m b h�o d u b ~ u}mxqt� 1 b ~ d '< ojq ~ b:a u d u:u u d ��k\q orgiojk d u�s�g�k\m
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m�k�|�orq a |tq ~ u}s bed �%�	���%C�s�g V l\q orh ~ b m =@? 3\� +5u d u b g�$�gim a | b m b h�o d u}s b �\gih�oru�7 � k d u�� b
~ u}mnq�� 1 b ~ d '< orq ~ b 'g�s\u}s b a bed k\m�g�|�g�mxg��/o b m�k�|�orq a |tq ~ u}s bed g k\m�g�|tgimngi�/o b h b m�u}s bed s b
a\d qtmxg�q djb m 'b s\k\| b s b�a\d�b s\k�o b g a g�| b h�gi|tgimngi��o b h�h b mnu}s bed g�h�s>u 'k�|�orq�m�u�|�qt� 1 u�s\unh b m�u
s b h a�djb s\k�o b h a u d ~ q�u}q�h �

+5u d u�k\mnu�u d ��k\q orgpork d u�s�g � l\q orh
�>u�l>u}h�g�� F � ~ b m �
F � , �p� b � 'k\mxg d�b s\g�g�|tgimngi��.o b h�� b ~ u}mnq�� 1 b ~ d '< orq ~ b 'g ~ u{| ~ k�|�u}s b:a gi|�u:g $ a�d g�h�h 2u b � �F � , � �
h�o�u g�$ a\d g�h�h 2u b ~ b ��hjqts�g d u

k\m gi|tgimngi��o b m�k�|�orq a |tq ~ u}s bed g�k�m gi|tgimngi��o b h b m�u{s bed s b4a�d qtmxg�q djb m 'b s\k\| b �5s b qth,g�|�gp.
mxg��/o b hnh b m�u{s bed gihns�g ~ u}s>u�k�m�u s>u}h � F � � |�qt� 1 u}h�s\g a�djb s\k�o b h a u d ~ qtu}qth�g � F # ,
gi|tg�mxg��/o b h�h b m�u}s bed gih:s>u 'k\| orqtmnu |tq�� 1 u s�g a\djb s\k�o bwa u d ~ q�u{| � +5u d uwk\mnu4m�k�|tq a |tq ~ uc0~ 2u b
~ b m �

F ? , � b ~ u}mxqt� 1 b ~ d '< orq ~ b 'g�s>u}s b�a g�| bxa�d 'bea\d q b gi|tg�mxg��/o b m:k\|�ojq a |�q ~ u{s bed l 'u}hjq ~ b\�
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�@m�l bed u�u}h�u d ��k\q�ojgiojk d u}h5�>u�l\u}hjg�� F a�d g ~ qth�g�m s\g*k\mnu�mxg�� bed ��k>u{��ojqts>u{s\g�s\gBg�|tgimngi�/o b h
m�k�|�orq a |tq ~ u}s bed gih*l 'u}h�q ~ b h�g�m d g�|�u 0~ 2u b vu�u d ��k\q orgpork d u �%�E���%C ~ b �/y}g�� ~ q b �>u{|��>s\gpyegp.�hjg b l\hjg d .
y{u d ��k\g ~ u}s\u g�|�g�mxg��/o b m�k�|�orq a |tq ~ u}s bed l 'u{hjq ~ b s\g�h�o�u}hBu d ��k\q orgpork d u}h 'g ~ b m a b h�o b�acb}d k�m�u
mnu}q b}d � k\u}�/orqts\u}s\g�s\g a bed oru}h
| 'be� q ~ u{h � �gih�oru 0 bed m�u�� u}h�� b y{u}hBu d ��k\q orgiojk d u{h*s\g�m�k\| orq a |tq .
~ u}s bed g�h�u a\d g�h�g��/o�u}m k\mnu m�u}q bed � k\u}�/orqts\u}s\g�s\g a bed o�u}h�| 'be� q ~ u}h a u d u u d gzu{|tqCB�uc0~ 2u b s b h
a\d�b s�k�o b h a u d ~ qtu}qth�gim d gi|�uc0~ 2u b u b m�k�|�orq a |tq ~ u}s bed �%�E���%C ~ b �/y}g�� ~ q b �>u{| � � be�}b ��u{h,� b y{u}h
u d ��k\q�ojgiork d u}h�s\g:m�k�|�orq a |tq ~ u}s bed gih�u a\d g ."h�g��/o�u}m�mnu}q bed g�h�y{u}| bed g�h�s\g 'u d gzung�m d gi|�uc0~ 2u b u b
m�k�|�orq a |tq ~ u}s bed �%�E���%C � qt� 'u d q b ~ b �/yegi� ~ q b �>u}| � =@? , � � a u d u�o b s b h b h
o�u{m�u}� 1 b h
s\g �ed k a b h
s\g�l�q�orhi� ~ b m b m b h�o d u{s b �>u� 5u}lcgi|�u 5�� �e����u}hjh�k\mxqt�\s b � ? , 9�� ��g�h�o�u�o�u}l g�|tu�� b h*y{u}| bed g�h
a g d ~ g��/ojk>u}qth@s b h@m�k\| orq a |tq ~ u}s bed g�h � q�� 'u d q b g F '< l d qts b ~ b m =@?,� � 3 g\V d g a�d g�h�g��/o�u{m ~ b m .
a u d uc0~ 2b g�h ~ b m b m�k\| orq a |tq ~ u}s b}dB� qt� 'u d q b ~ b �/yegi� ~ q b �>u}| ~ b m =@? , � �@h�oru oru}l g�|�u:oru}m�l 'gim
m b h�o d u,� k�g�u ~ b m a |�g�$�qts>u{s\g�s b h�g�|�g�mxg��/o b h*l 'u}hjq ~ b h*u}k\mxg��/o�u�m:k\q�o b:d u a qts>u{mngi��ojg ~ b m
= � ��| 'g�m s\q�h�o b �Gs\giy}gp."h�g b l\h�g d y{u d ��k\g b h�m�k\| orq a |tq ~ u}s b}d g�h �%�E���%C F '< l d q�s b h�u a\d g�hjgi�/o�u}m
mnu}q b}d g�hBy}u{| bed g�h!s\g 'u d gzu�s b � k�g b h�m�k�|�orq a |tq ~ u}s bed gih � q�� 'u d q b h a u d u�o b s b h b h!o�u{m�u}� 1 b h
s\g �ed k acb hns\g4l�q�orh � �"h�o b]b ~ bed�d g s\giy qts b u b 0 u o b s b h bea g d u}s bed g�h�h b mnu}s bed g�h�l 'u}hjq ~ b h
F '< l d qts b h�u a\d g�h�g��/o�u d g�m mnu}q bed y}u{| bed s\g 'u d gzu�gim d gi|�uc0~ 2u b u b h�g���k\q y{u}|tgi��ojg�h b}a g d u}s b}d g�h
� q�� 'u d q b hi� ~ b m b m b h�o d u}s b �\ux 5u}l g�|�u 5 � , V �

 5� � �
�<� 5�� �e� � ��u}| bed g�h!s\g 'u d gzu a u d u m�k\|�ojq a |�q ~ u}s bed g�h � qt� 'u d q b g F '< l d qts b a u d u
� ? , 9��
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� a gihru d s b hxm�k\| orq a |tq ~ u}s b}d g�h � qt� 'u d q b g�F '< l d q�s b u a\d gihjgi��oru d gim m�u}q bed gih�y{u}| bed g�h
s\g 'u d gzu���gih�oru}h-u d ��k\q orgiojk d u{h u a\d g�hjgi�/o�u}m mxg�� bed gih�y{u}| bed g�h s�g u{o d u}h b gim d gi|�uc0~ 2u b u b
m�k�|�orq a |tq ~ u}s bed�� qt� 'u d q b ~ b m =@? , � ~ b m b m b h�o d u u� �u{lcgi|�u 5�� � . � �"h�o b hjg�s\giy}g�u b 0 u{o b s\g
��k\g
g���� k\u}�/o b u}h%u d ��k\q orgiojk d u{h � qt� 'u d q�uBg F '< l d qts>uB�>u!l>u}hjgB� F �\g ~ g�hjh�q�oru}mfs\g � F � , |tqt� 1 u}hs\g�h b m�u}s bed gih d g�h acb ��h 'u{y}g�qth a gi|�u!h b m�u�s b h<org d m b h<s b h a\djb s\k�o b h a u d ~ q�u}q�h�� u�u d ��k\q orgiojk d u
� q�� 'u d q�u ~ b m =@? , ��g ~ gihjh�q�o�u s�g � � , |�qt� 1 u}h � �@m�l bed u b h = acb}d = m 'b s�k\| b h�hjg Gju}m
mnu}qth ~ b m a |�g�$ b h�� 'g a b h�h '< y}g�| d g�s\k=B�q d�b u{o d u}h b s\g ~ u{mnq�� 1 b ~ d '< ojq ~ b�a u d u b h ~ u}h b h =@?,�
gB=@? 3\� +�u d u b ~ u}h b s>u4u d ��k\q�ojgiork d u � qt� 'u d q�u ~ b m =@? 3 �5s\giy}gp.�hjg b l\h�g d y}u d ��k\g k�m�u
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mxg�� b}d ��k>u}�/orq�s>u}s\g�s\g�|tq�� 1 u}h:s\g a\djb s\k�o b h a u d ~ q�u{qth��\g ~ gihjh 'u d q�u{h � . |�qt� 1 u}h��:u{hjh b ~ qtu}s b
vuTmxg�� bed ��k>u}�/orq�s>u}s\g s�gwm 'b s\k\| b h�l 'u}h�q ~ b h � b ~ u}mnq�� 1 b ~ d '< orq ~ b � a g d mxq�ojgwu{ojqt� � q d k\m
mnu}q b}d y{u}| b}d s\g d gis\k�0~ 2u b s\g-u{o d u}h b g��/o d g-u}h�u d � k�q�orgpork d u}h � ��mxg�hjm b u}h a g ~ o b � 2u b 'g
y}g d q%7 ~ u{s bna u d uxunu d ��k\q�ojgiojk d u F '< l d q�s>u ~ b m =@? 3\� �"h�o b s\gpy qts b vuxmnu}q bed ~ b m a |�g�$�qts\u}s\g
s b h�l�| b ~ b h!l 'u{hjq ~ b h a\d gihjgi��ojg�h�� b ~ u}mxqt� 1 b ~ d '< ojq ~ b ����k\g bea g d u{m g�m ~ 'b s\q �}b � d u;� � +5u d u
k\mfmnu}q bed y}u{| bed s\g:= � =@?QV��eu ~ b m a |�g�$�qts>u{s\g
s b h�m 'b s\k�| b h<l 'u}h�q ~ b h�u{k\mngi�/o�u ~ b �\h�qts\g d u .
y}g�|tmxg��/ojg�s\g�o�u{| 0 bed m�u:��k\g b h*y{u}| bed g�h�s�g�u{o d u}h b s\g�u}m�l>u}h�u}h�u d ��k\q orgpork d u}h!u}k\mxg��/oru}m
h�q � �\q%7 ~ u orq�y{u}mxg��/ojg}� ~ b m b m b h�o d uxu  5u}l g�|�u 5�� � . �

�@m�l bed u b h�g�|tgimngi�/o b h�l 'u}hjq ~ b h�h b mnu}s b}d g:m:k\|�ojq a |�q ~ u{s bed F '< l d qts b � ~ b m =@?���� u .
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s>u{s b h�. ~ b gD7 ~ qtgi��ojg�h 'g�g�� ~ b �/o d u}s>un��k>u{�\s b u�mxg�m 'bed q�u 'g,u ~ g�hjhju}s>uxhjg�� �k\gi� ~ qtu}|tmxg��/org �
) b m b�a b s\g�hjg d@b l\h�g d y{u}s b � b u}| �eb}d q�ojm b s\g b}d s\gi�>u}mxg��/o b�a\d�beacb h�o b gim �6&4� F - 5 �

&4� F - 9 � & � F - V � ~ b �\h�qts\g d uxk\m�u�hjgi���kK�g�� ~ q�u�s\g ~ b g�7 ~ q�g��/orgih a u d u�k\m ~ q d ~ k�q�o b o b o�u}| .
mxg��/org�h�g����k\g�� ~ q�u}|Ms�g�oru}| 0 bed m�u���k\g b mngi| 1 b}d�bed s�g��>u}mxg��/o bna b hjhjuxh�g d g�� ~ b �/o d u}s b\�

� b�a\d g�hjgi�/org�o d u}l>u}| 1 b s\g a g�h���k\qthju��\g�$ a g d qtmxg��/o�u .�hjg�k�m�u:g $ org���h 2u b s\gih�o�u�o 'g ~ ��q ~ u
gim k\m�u u d � k�q�orgpork d u s�g�7>| o d�b ����	 h�g�mxq . a u d u{|tg�|tu4s\g V > b}d s\gim � b �\s\g b e �%��! � �%� m 'g
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gi|tgiy{u}s b � 'k\mxg djb s\g ~ b g�7 ~ q�g��/orgih 'g*k�ojqt|tq8Bzu}s b �{gih�ojg!u}| �}bed q orm b 'gBmngi� b h@u{o d u{ojq�y b s\gpy�q�s b u b
ojg�m acb �\g ~ gihjh 'u d q bxa u d u a\djb ~ gihjhju d�b gi|tgpy}u{s b � 'k\mxg djb s�g ~ b m�l�qt�>uc0~ 2b g�h a b h�h '< y}g�q�h � ��gih�org
~ u}h b �Ms�giyeg ."h�gnk�ojqt|�qCBzu d k\m u}| �}bed q orm b s\q 0 g d g��/org l>u{hjgzu{s b gim 1 gik d '< h�ojq ~ u{h�� b hjgi��ojqts b s\g
b l�org��50~ 2u b s>u h b |�k�0~ 2u b 'b orqtmnu �

C+�'0+�j����� o , / = 3"�1#�2@�./ 2@# � 5>3� % # �% �#U�J2@#J� #�8� 5 = 3�# �% �#$�F2 , � � , 4 %  , 89� , /
�No 'g ~ ��q ~ u�s\g b}d s\gi�>uc0~ 2u b s b h ~ b gD7 ~ qtg��/ojg�h a\djb}acb h�o�u�g�m � &4� F - 5 �/&4� F - Veu���&4� F - V � �
a u d org�s b�a\d q�� ~ '<�a q b s\g���k\g b h ~ b gD7 ~ qtgi��ojg�h!�>u�u d ��k\q�ojgiork d u�s\g�k\m 7>|�o djb �5��	 hjgi���k\gi� ~ qtu}|
a b s�g�m(hjg d�d g�u �ed k a u}s b h�s\g 0 bed m�uxu d g�s\kABiq d u u{orq y qts>u}s�g s\g ~21 uzyegzu{mngi��o b �>u g��/o d u}s>u
s b ~ q d ~ k\q o b m�k�|�orq a |tq ~ u}s bed�� �"h�o b s\giy qts b u b 0 u{o b s\u bea g d uc0~ 2u b s\g�h b mnu�� b u}| �}bed q orm b s b
7>| o d�b �\g�h�org orq acb s\g�u d ��k\q orgpork d u hjg d ~ b m�k�oru{orq y}uxg�u}hjh b ~ q�u{ojq�y{u�g s\gih�oru 0 b}d mnu��Ku hru '< s>u
s b 7\|�o d�b 'g qt��s\g a g��\s�g��/org�s>u bed s\g�m s\g a\d�b ~ g�hjhju}mxg��/o b s b a\d�b s\k�o b s b h ~ b gD7 ~ qtg��/ojg�h �
�  5u}l g�|tu 5�� � � m b h�o d u b h d gihjk\| o�u}s b h s\g ~ b �\hjk\m b s\g a b oz�gi� ~ qtu a u d u u u d ��k\q orgiojk d u
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h�g�mxq . a u d u}|�g�|tu}h a b s\g�m3u a\d gihjgi��oru d u}qt�\s\uwk\m�u d g�s\k50~ 2u b g�m h�g�k\h y{u}| bed gih s\g acb oz�g�� ~ q�u
a bed k\m 0 u{o bed s\g 3 � a g�|tu d g�s�k�0~ 2u b s\g ��	�	 a g�|tu�mxgioru}s\g{� a u d u�m�u}��k�ojg���0~ 2u b s b mxg�h�m b
b"e�� � iAe�, � b�gim d gi|�uc0~ 2u b vu}h�u d ��k\q�ojgiojk d u}h h�g����k\g�� ~ q�u{qth � �"h�o b a gi| b 0 u{o b s>u}h�u d ��k\q�ojgiork d u}h
h�g�mxq . a u d u}|�g�|tu}h bea g d u d gim �>unmxgioru}s\g,s b h ~ q ~ | b h�s\g d gi| 'be� q b s>u}h�u d ��k\q orgiojk d u{h�h�g����k\g�� ~ q .
u}q�h � �  �u{lcgi|�u 5�� . 3 m b h�o d u b h�y{u}| bed gih�s\g a b oz�gi� ~ qtu��/u a 'b h
u�m�u}��q a k\|tuc0~ 2u b s\g ~ b gD7 ~ qtgi�/org�h
g d g�s�k�0~ 2u b s>u orgi�\h 2u b s\g�u}|�qtmxg��/o�u 0~ 2u b � b �\s\g�h�g�� b oru:u �}d u}�\s�g d gis\k�0~ 2u b s\g a b oz�g�� ~ q�u ��k\g
a b s�g�hjg d�a\d�bea bed ~ q b �>u{s>u a gi|�u}h�u d ��k\q�ojgiork d u}h!h�g�mxq . a u d u}|�g�|tu}h*�\gih�oru}h ~ b �\s\q�0~ 2b gih �
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�@h�org ~ u a '< ork\| b u a\d g�hjgi�/o b k u{h<o 'g ~ �\q ~ u}h5s�g d g�s\k�0~ 2u b s\g a b oz�g�� ~ q�u�u a u d ojq d s>u d gis\k�0~ 2u b
s>u�u{ojq�y qts\u}s\g!s\g!o d u}�\h�q�0~ 2u b gim#l>u d�d u}mxg��/o b h@s\g�s>u}s b h�g bea g d u{s bed gih�u d q orm 'giorq ~ b h � ) b m b
u}l bed s>u � gim qt��q ~ qtu}|�� 0 bed u{m u a\d g�h�g��/o�u}s\u}h5o 'g ~ ��q ~ u{h%s�g ~ b s�q87 ~ uc0~ 2u b u a |tq ~ u}s>u}hKu b}a g d u}s b}d g�h
u d q�ojm 'gporq ~ b h � � b q b l�hjg d y{u}s b ��k\g!u�qtm a |tgimngi�/o�uc0~ 2u b s�g bea g d u}s bed g�h�u d q�ojm 'gporq ~ b h bea g d u}�\s b
s\q d gpo�u}mxg��/org ~ b m(s\q 0 g d g��/ojg�h�gi�/o d u{s>u}h ~ b s�q87 ~ u}s>u}h a b s\g u a\d g�h�g��/o�u d k\m�u �ed u}�\s\g ~ b m .
a |�g�$�qts\u}s\g�s\gke �%��! � �%� m ~ b m a g��>u}|�qts>u{s\g�� b ~ b ��hjk\m b s�g a b oz�g�� ~ q�u � �@�/o d gio�u{��o b � 0 bed u}m
u a�d g�h�g��/o�u{s>u}h�q�m a |�g�mxg��/o�u 0~ 2b gih�s\g bea g d u}s bed gih�u d q�orm 'giojq ~ b h d g � k\|�u d g�h bea g d u}��s b s\q d gioru .
mxg��/org g�m�k\m ~ 'b s\q �eb F '< l d qts b �c��k\g 'g k\m ~ b m a\djb mnq�hjh b g��/o d g u�m '< �\q�m�u s\g a gi�\sK�gi� ~ qtu
s>u{h�g��/o d u}s>u}h�u a\d gihjg��/oru}s>u a gi| b ~ 'b s\q �}b � qt� 'u d q b g u ~ u d u ~ org d '< h�orq ~ u�s\g l\u}q%$�u u{ojq�y qts\u}s\g
s\g ~21 u y}gzu}mxg��/o b u a�d g�h�g��/o�u{s>u a g�| b ~ 'b s�q �eb � d u;� � ��g�h�org ~ b �/ojg�$ o b � 0 b}d u}mXu a\d g�hjgi�/o�u}s b h
m�k�|�orq a |tq ~ u}s bed gih�orq acb �%�E���%C bea g d u}�\s b s\q d gio�u{mngi��ojgngim ~ 'b s�q �eb F '< l d qts b ~ b m u}h a g ~ o b h
s\g d g�s\k�0~ 2u b s�g u o d u{h b g ~ b �\h�k\m b s\g acb oz�g�� ~ q�u � ) b m b�a �b s�g h�g d yeg d q87 ~ u}s b �Gu a gihru d s>u}h
u d ��k\q�ojgiork d u}hxs\g-m�k\|�ojq a |�q ~ u}s bed g�h g�m ~ 'b s\q �eb F '< l d qts b u a\d g�h�g��/o�u d g�m k\mnu a g��>u{|tqts\u}s\g
gim 'u d gzu�s\g�mnu}q�h*s\g . � � gim d gi|�uc0~ 2u b u b h bea g d u{s bed gih!g�m ~ 'b s�q �eb�� q�� 'u d q b ~ b �/yegi� ~ q b �>u}|
� =@? , �p�}gih�oru}h
u d ��k\q orgpork d u}h a b s�g�m�u a\d gihjgi��oru d k\mnu d g�s\k�0~ 2u b s\g�mnu}q�h5s\g , 5	� g�m�u{o d u}h b
g!mnu}qth�s\g 5 � � g�m ~ b �\hjk�m b s\g a b oz�gi� ~ qtu ~ b �\h�qts\g d u}�\s b,b g 0 g�q�o b s\g iW^a`"b�cfeg`"hgi � �"h�o b s�giy q .
s b u b u}h a g ~ o b s\u ~ bed�d gi|�uc0~ 2u b s b hBhjq��>u}qthB��k\g ~ b ��o d q�l\k\q a u d u�u d g�s�k�0~ 2u b s\u�u{orq y qts>u}s�g�s\g
~21 uzy}gzu}mxg��/o b �\gih�ojg�h bea g d u{s bed gih � �@�/o d gio�u{��o b � 0 b q b l\hjg d y{u}s b ��k\g�u�u d ��k\q orgiojk d u �%�E���%C
k�ojqt|�qCBzu{s>u a u d u bea g d u d gim ~ 'b s\q �eb F '< l d qts b � ~ b m d gis\k�0~ 2u b s>u}hB|tq�� 1 u}h
s\g a\djb s\k�o b h a u d ~ q .
u}q�h�� a b s\g�o�u}m:l 'g�m�h�g d k�ojqt|�qCBzu{s>u a u d u bea g d uc0~ 2u b g�m ~ 'b s\q �eb�� q�� 'u d q b\� ��g�h�org ~ u{h b �/orgim�.�hjg
y{u}| bed gih!m�u}q�h a\d 'b $�q�m b h!s\g:u o d u{h b g ~ b �\hjk�m b s\g acb oz�g�� ~ q�u g��/o d g u}h�s�k>u}h�u d ��k\q orgiojk d u{h �
��m�u b k�o d u-o 'g ~ �\q ~ u a u d u d g�s\k�0~ 2u b s�g a b oz�gi� ~ qtu4u a\d g�h�g��/o�u}s\u4�\g�h�org ~ u a '< ork\| b � d g 0 g d g ."hjg
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vu d g�s\k50~ 2u b s>u u{ojq�y qts\u}s\g:s�g ~21 uzyeg�u}mngi�/o b g�m bea g d uc0~ 2b g�h�s b h�u}| �ebed q orm b h�s\g�7>| o d�b ����	
g ���� � �@m a u d ojq ~ k\|�u d � 0 b q�u{l bed s>u}s>u k\mnu o 'g ~ ��q ~ u s\g-m�u}��q a k\|tuc0~ 2u b s�g ~ b gD7 ~ qtgi�/org�h
a u d u d gis\k�0~ 2u b s>u u{ojq�y qts>u{s\g�s\g ~21 u y}gzu}mxg��/o b �>u�gi�/o d u{s>u s b h ~ q d ~ k\q�o b h�m�k�|�orq a |tq ~ u}s bed gih
u a u d orq d s\g!k\m�u}| �eb}d q�ojm b�a\d�beacb h�o b gim �6&4� F - 5 ��&4� F - 9 ��& � F - V ��� �@h�org�u}| �}bed q orm b
ojg�m acbed�b l G�giojq�y b g�� ~ b �/o d u d u mngi| 1 bed�bed s\g��>u 0~ 2u b s b h ~ b gD7 ~ qtg��/ojg�h a u d u u a |�q ~ u 0~ 2u b g�m
u d ��k\q�ojgiork d u}h%hjgi���k\gi� ~ qtu}qth � ��g�h�ojg ~ u a '< ojk\| b � 0 b q u a\d g�h�g��/o�u}s\u�k\m�u�g�$ orgi�\h 2u b s\g�h�o�u�o 'g ~ ��q ~ u
~ b m u a\d�bea b h�oru�s�g�k\m u}| �ebed q orm b a u d u�l\k�h ~ u�s>u mxg�| 1 bed*bed s\g��\uc0~ 2u b g�s b mxg�| 1 bed�a u d .
ojq ~ q b �>u}mxg��/o b s b h ~ b gD7 ~ qtgi��ojg�h a u d u u a |tq ~ uc0~ 2u b g�m#u d ��k\q�ojgiork d u}h
hjgimnq . a u d u}|�g�|�u{h�s\g�7>|�o djb
����	 � +5u d u�u{h@u d ��k\q orgpork d u}h@���� 0 b q�k�orq�|tq8Bzu}s b�b u}| �ebed q orm b s�g bed s\gi�>uc0~ 2u b s\g ~ b gD7 ~ qtgi�/org�h
gim(u d ��k\q orgiojk d u{h�h�g����k\g�� ~ q�u{qth�g,h�g�mxq . a u d u{|tg�|tu}h � ) b m b 0 b q b l\h�g d y{u}s b � b mnu}q b}d��ed u{k s\g
bea bed ork\�\q�s>u}s\g a u d u b}d s\gi�>uc0~ 2u b s�g ~ b g�7 ~ q�g��/orgih�� b h�g�h�o 'u � q b h�s>u����5 a g d mnq orqtknm�u{q bed g�h
d g�s\k�0~ 2b g�h*s\g a b oz�gi� ~ qtu �\gih�ojg�u}| �}bed q orm b\� �
m a u d orq ~ k\|tu d � u u d ��k\q orgiojk d u hjg�mxq . a u d u}|tgi|�u�hjg
m b h�o djb k�mnu}qth!g�7 ~ q�g��/org g�m d g�s\k50~ 2u b s\g a b oz�g�� ~ q�u��>s\gpy qts b vuxmnu}q bed ~ b}djd gi|�uc0~ 2u bxa\d gihjg��/ojg
�>u{h�gi�/o d u{s>u}h�s b h ~ q d ~ k\q�o b h!m�k\| orq a |tq ~ u}s bed g�h �
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�@�/o d g b h bea g d u}s bed g�h u d q orm 'giojq ~ b h�� b h�m 'b s\k\| b h�m�k\|�ojq a |�q ~ u}s bed g�h�h 2u b4b h,mnu}q�h ~ b .
m�k��\h�g�m bea g d uc0~ 2b g�h����+ � ��g�h�org�o d u{l>u}| 1 b �>u a\d g�h�g��/o�u}m b h�k\mnu � b y}uxu d � k�q�orgpork d u a u d u
bea g d uc0~ 2b g�h�s\g,m�k\|�ojq a |�q ~ uc0~ 2u b g�m ~ b m a |tg�mxg��/o b s�g:� � � u d � k�q�orgpork d u a�djbea b h�oruxmnu}�/o 'gim
u 0 bed mnu bed q � qt�\u}| s\g,k\m m:k\|�ojq a |�q ~ u{s bed �%�E���%C ~ b ��y}g�� ~ q b �\u}| �  b s b h b h�l\q�ojh�� b h a\djb s\k�.
o b h a u d ~ q�u}q�h�h 2u b o d u{o�u}s b h ~ b m b l\q orh�hjgim hjqt�\u}|��Mg $\u o�u}mxg��/org ~ b m b k\m m�k\| orq a |tq ~ u}s bed
�%�E���%C:� b}d mnu}|�� g�$ ~ gpo b�a u d u b 'k\|�ojqtm b l�q�o�s�g:o b s>u}h�u{h�|tq�� 1 u}h�s\g a\djb s\k�o b a u d ~ qtu}|5g�o b .
s b h b h�l\q orh�s>u 'k\|�ojqtmnu�|�qt� 1 u � �@h�oru u d ��k\q orgiojk d u 'g:g�h�ojg��\s�qts>u a u d u ~ b s\q%7 ~ u 0~ 2u b �\u l>u}hjg
� F � ��k\g a g d mxq�ojg:u d gis\k�0~ 2u b s b � 'k\mxg d�b s\g |tq�� 1 u}h a u d ~ q�u{qth�� a\d�bea bed ~ q b �>u{�\s b hjq � �\q87 ~ u .
ojq�y b h � u}� 1 b h g�m3s�g�hjgim a g�� 1 b g d g�s\k50~ 2u b s b ~ b ��hjk\m b s\g acb oz�g�� ~ q�u � � � g $�q�l\qt|�qts>u{s\g
s>u�� b h�hru u d ��k\q orgiojk d u a g d mxq�ojg�u 0 'u ~ qt|\q�m a |tg�mxg��/oruc0~ 2u b s\g�m�k\| orq a |tq ~ u}s b}d g�h a u d u s\q 0 g d gi��.
ojg�h�y{u}| b}d g�h�s\g = � �@h�ojg mngihjm b u}h a g ~ o b hjg�o bed �\u�mnu}q�h�s\q 0 '< ~ q�|<g�m q�m a |tg�mxg��/oruc0~ 2b gih�s\g
m�k�|�orq a |tq ~ u}s bed gih �*b b o 1 � b �\s\g�q�m a |�g�mxg��/o�u 0~ 2b gih a u d u y{u}| bed gih!s\g = � ��h 2u b ~ b m a |tg $\u{h �
� u{h a g ~ o b s>u d g � k\|tu d q�s>u}s\g s>u � b h�hru�u d ��k\q orgiojk d u a b hjh�qtl\q�|tq�oruwu u a |tq ~ uc0~ 2u b s\g b k�o d u}h
o 'g ~ ��q ~ u{h,s�g d g�s\k50~ 2u b s\g acb oz�g�� ~ q�u � ��s\q ~ q b �\u}|tmxg��/org{�K�\gih�org�o d u}l>u}| 1 b 'g�g�$ a g d q�mngi�/o�u}s>u
k\mnu�yeg d h 2u b ,.`-,�mR^a`"h m�!�s>u}h�� b h�hru}h�u d � k�q�orgpork d u}h ~ b m b 0 bed mnu s\g d gis\kAB�q d unu{ojq�y qts\u}s\g�s\g
o d u}�\h�q�0~ 2u b u b | b � �eb s b �%�E���%C � ��k�o d�bTa b �/o b ��k\g4hjg d 'u]u}l bed s\u}s b ��g�h�ojg ~ u a '< ojk\| b 'g4u
bea g d uc0~ 2u b s\g�h�| b ~ u .�h b mnu gim ~ b m a |tgimngi��o b s\g�� � �@m a u d orq ~ k\|tu d �5hjg d 'u u a\d g�h�g��/o�u}s\u u
gih�o d k�ork d u�s>u bea g d uc0~ 2u b s\g�m�k\|�ojq a |�q ~ uc0~ 2u b s\gihj| b ~ u ."h b m�u g�m ~ 'b s\q �eb F '< l d q�s b\�

�
�
� I VQ�H\F�8Q�F�LM=@?�A�;>9<C��������	� 9%I STA*IW8Q�95IY9%U*H\A ?�9 G
�@m�l bed uxu{h�u d ��k\q orgiojk d u{h�s�g,m:k\|�ojq a |�q ~ u{s bed gih �%�E���%C�m b h�o d u}s>u}h!� b ~ u a '< ojk\| b u{��ojgp.

d q bed g�$�qtl\u}mXk�mXl b mXu}h a g ~ o b s\g d g � k�|�u d qts>u}s�g}� g�h�oru}h!u d ��k\q�ojgiork d u}h�� 2u b |tgpy}u{mWgim ~ b ��.
h�qts\g d uc0~ 2u bnb}a g d uc0~ 2b g�h�s\g,m�k\|�ojq a |�q ~ uc0~ 2u b ~ b m h�qt�>u}| � & 'b s\k\| b h�m�k\|�ojq a |�q ~ u}s bed g�h bea g d u}�\s b
~ b m(hjqt�\u}|�h 2u b ~ b m�k\�\h�gim m:k\q�oru}h�u a |tq ~ uc0~ 2b g�h����+ � ��gih�org ~ b �/org $�o b � b h�orq a b h�s\g�m�k\| .
ojq a |�q ~ u{s bed gih mnu}qth d 'u a q�s b h h 2u b$b h a u d u}|�g�| b h � �@�/o d g g�h�orgih�� b h-m�k\| orq a |tq ~ u}s bed g�h @ u{| .
|tu ~ g � @ ��� 9+3 � g�h�o 2u b g��/o d g b h:mnu}qth d 'u a qts b h � �@�/o d gioru}�/o b �
g�h�orgih m�k\|�ojq a |�q ~ u}s bed g�h�� 2u b
u a�d g�h�g��/o�u{m l b u d g � k\|tu d q�s>u}s\g,g�� 2u b h 2u b g $ a | bed u}s b h��\g�h�org�o d u}l>u}| 1 b\� + bed�b k�o d�b |�u}s b �
b m:k\|�ojq a |�q ~ u{s bed
�*b b o 1 u a\d gihjgi��oru k\mXl b mXu}h a g ~ o b s\g d g � k�|�u d qts>u}s�g}��u}| 'gimWs\u d gis\k�0~ 2u b
s>u{h@|tqt� 1 u}h�s�g a\djb s\k�o b h a u d ~ q�u{qth � ��gih�ojg�o d u}l\u}| 1 b �/u}h@u d ��k\q�ojgiork d u}h@s\g!m:k\|�ojq a |�q ~ u{s bed �%�E�
���%C a\djbea b h�o�u}h�h 2u b ~ b m a u d u}s>u{h ~ b m u�u d ��k\q�ojgiojk d u�s b m�k\|�ojq a |�q ~ u}s bed<�*b b o 1 & b s\q87 ~ u}s b
��k\g d g a\d gihjgi��oru b g�h�o�u}s b s>u�u d org�g�m b}a g d uc0~ 2b g�h�s\g�m�k\| orq a |tq ~ uc0~ 2u b s\g�l>u{q%$�u acb oz�g�� ~ q�u �

z+�����j� 	 :�# ( #�3jB@�Lo , 34# %  4�98@#�2@�
��m�u �ed u}�\s\g-��k>u}�/orq�s>u}s\g-s\g�o d u{l>u}| 1 b h�s\g a g�h�� k�qthru y qthru{�\s bTb�a\djb G�gio b s\g-gD7�.

~ qtg��/ojg�h�g d g � k�|�u d g�h�u d ��k\q�ojgiojk d u}h�s\g ~ q d ~ k\q�o b h�m:k\|�ojq a |�q ~ u{s bed gih�orgim h�qts b s�g�hjgi�/y b | y�q�s>u��
s\gpy qts b u�h�k>u ~ b m a |tg $�qts>u}s�g�g �ed u}�\s\g�k�ojqt|tq8Bzuc0~ 2u b\� �@hj��k\gim�u{h5s\g�m�k\| orq a |tq ~ uc0~ 2u b oru}qth ~ b m b
� `$� n1mfcRb�`��Ah>� � � � iAe �'& ���A^ m	C�g 
 � �Whgi � F @ � �+- � a\djbea 2b g�mWu:q�m a |�g�mxg��/o�u 0~ 2u b s\g�k�m�u�u d .
��k\q orgiojk d u]gim ~ b m a |�g�mxg��/o b s�g ����k�orqt|�qCB�u}�\s b m 'b s\k�| b h d g a giojq�ojq�y b h ~ b m a u}s d 2b g�h s\g
q���ojg d ~ b �\g $ 2u b k\�\q 0 bed mxg�h � �@�/o d gpo�u}�/o b �\�\gih�org�ojq a b s\g�u d ��k\q orgiojk d u � 2u b 'g a g d mnq orq�s>u,k�m�u
q�m a |�g�mxg��/o�u 0~ 2u b gD7 ~ qtg��/ojg}�Gs\giy q�s b vu 0 bed mnu�q d�d g � k\|�u d s b orq acb 'u d y b}d gp.E�%�E���%C�k�orq�|tqCB�u}s>u � �
mxg�h�m b u}h a g ~ o b s>u 0 u}| o�u s\g d g � k�|�u d qts>u}s�g 'g b l\h�g d y}u{s b gim �1+
� � -/- � � b �\s\g 'g:u a�d g�h�g���.
oru}s b k\m g�h�� k�g�mnu s\gxm�k\| orq a |tq ~ u}s bed l>u}h�gzu}s b g�m m:k\|�ojq a |�g�$�u}s bedi� �
m � @ �����{�e� , � 'g
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b l�hjg d y{u}s b k\m u y{u}�50~ b s\gih�o�u�o 'g ~ ��q ~ u�� b �\s\g�u�u d ��k\q�ojgiork d u�g $�q�lcg!k�m ^ �%C � � b�m�u}q�h d g � k\|tu d
s b ��k\g b u a\d g�h�g��/o�u}s b g�m �6+
� � -/- ��� �Yu d ��k\q�ojgiojk d u�u a\d g�h�g��/o�u d gis\k�0~ 2b g�h,g�m 'u d gzu s>u
bed s\g�m3s\g 3 � � � �@��o d gpo�u}�/o b �*h 'b h 2u b�b l�hjg d y{u}s>u}h d gis\k�0~ 2b g�hxg�m u{o d u}h b g ~ b �\h�k\m b s\g
a b oz�gi� ~ qtu�u a 'b h�u�k�orq�|tq8Bzuc0~ 2u b s\g ~ q d ~ k\q�o b h�h b m�u}s bed gih�mnu}q�h�gD7 ~ qtgi��ojg�h �

��h:o 'g ~ �\q ~ u}h s�g�h ~ d q o�u}h u ~ qtmnu oz�g�m hjqts b u a |tq ~ u}s\u}h-vuwm�k�|�orq a |tq ~ u}s bed gih �%�E���%C ~ b ��.
y}g�� ~ q b �>u{qth�� ~ kHGju bea g d uc0~ 2u b 'g d gzu{|tqCB�u}s>u-l\q�o�uwl\q�o:g u}| � k\m�u{h,y}g B�gih�u d g � k\|�u d qts>u{s\g�s>u
u d ��k\q�ojgiork d u � 2u b 'g a\d gihjg d y{u}s>u �

��m � b y b orq acb s�g��%�E���%C a u d uxk�m m�k\| orq a |tq ~ u}s bed�a u d u}|tgi| b l\u}hjg�u}s b gim s\q 0 g d gi�/org�h
u �}d k a u{mngi��o b h�s\g-l\q�ojhxs�g a\d�b s�k�o b h 0 b q a\d�bea b h�o b g�m �1��� � V 9 ��� ��g�h�org-o d u{l>u}| 1 b � b
gihj��k\g�mnu a\djb}acb h�o b �\g ~ g�h�hjq o�u�s\g�u a\d�b $�q�m�u}s\u}mngi�/org�mxgioru}s\g s>u}h ~ 'g�|�k\|�u}h���k>u{�\s b ~ b m .
a u d u}s b u b h�m�k�|�orq a |tq ~ u}s bed gih �%�E���%C�u{��ojg d q bed g�h � � a gihru d s b l b m�s\gihjg�m a g�� 1 b u a�d g�h�g���.
oru}s b �@u ~ b m a |tg $�q�s>u}s\gns b ~ q d ~ k\q�o b u}k\mxg��/oru ~ b ��hjqts�g d uzy}g�|tmxg��/ojg s\giy qts b u b h ~ q d ~ k\q�o b h
~ b �/o�u}s b}d g�h�k�orq�|tqCB�u}s b h��>u k��\qts>u{s\g:s\g�u}s\q�0~ 2u b\� +�u d u k\m�m�k\|�ojq a |�q ~ u}s bed �\u�l>u}h�g 3 � a bed
g $�gim a | b � 0 u+Bp.�hjg �\g ~ g�hjh 'u d qtu u�k�ojqt|tq8Bzuc0~ 2u b s\g , 9 yegDB�g�h�mnu}q�h e �%��! � �%� m�g�m d gi|�uc0~ 2u b uxk\m
m�k�|�orq a |tq ~ u}s bed �%�E���%C�l\q�� 'u d q b ~ b ��y}g�� ~ q b �\u}| �

+5u d u-u}k\mxg��/oru d�b s�g�hjgim a g�� 1 b s b h�m�k�|�orq a |tq ~ u}s bed gih�� ~ b �\hjq�s\g d u}�\s b u}h a g ~ o b h s\g
d g � k\|tu d q�s>u}s\g-g d g�s\k�0~ 2u b s b ~ b �\h�k\m b s\g a b oz�gi� ~ qtu��!oz�g�m hjq�s b]a\d�bea b h�o b h a\d�b G�gio b h s\g
~ q d ~ k\q�o b h�l>u}hjg�u}s b hB�>u o 'g ~ ��q ~ u,s\g d g ~ b s\q%7 ~ uc0~ 2u b s�g �*b b o 1 � � ��& - ����& ��� - ���\����� - 3 �
)�F�� - 9 �����@���}�e� , � � � b u}| �ebed q orm b-�*b�b o 1 & b s\q%7 ~ u}s b ��k�ojqt|tq8Bzu .�hjgnu a\d�b $�q�m�u}s\u}mngi�/org
mxgioru}s\g�s b h a\d�b s�k�o b h a u d ~ qtu}qth �

� a gihru d s b u{| �ebed q�ojm b s\g �*b b o 1 a\djbea bed ~ q b �>u d k\mnu mnu}q bed h�qtm a |tq ~ q�s>u}s\g a u d u4u
q�m a |�g�mxg��/o�u 0~ 2u b s>u hjk\u�u d ��k\q�ojgiork d u���o bed �>u ."h�g�s\q 0 '< ~ qt| a\d�b G�gioru d u d ��k\q�ojgiojk d u}h a u d u bea .
g d u d gim l>u}h�g�h m�u}q bed gihws b ��k\g 3 ��s\gpy�q�s b vu ~ b m a |tg $�q�s>u}s\g gim a\d 'gp. ~ b m a k�o�u d ��� b
ojg d m b m:k\|�ojq a |�q ~ u{s bed �
k\m ~ d g�h ~ g��/ojg � 'k\mng djb s\g4m 'k\|�ojq a | b h�s b ojg d m b m�k\|�ojq a |�q ~ u}�\s b\�
�@m � ����& - ���K&-��� - � �K����� - 3 �M���@�!�{�e� , � h 2u b a�djbea b h�o b h�m�k�|�orq a |tq ~ u}s bed gih �*b�b o 1 s\g
u}| o b s�g�hjgim a g�� 1 b l>u{hjgzu{s b h�g�m b}a g d uc0~ 2u b g�m mnu}q bed gih�l>u}h�g�h � �@�/o d gio�u{��o b ��g�h�ojg�h ~ q d .
~ k\q�o b h4g $�q�lcgim acb k ~ u d g � k\|tu d q�s>u}s\g g]� 2u b h 2u b qt�\s\q ~ u}s\u}h d g�s\k50~ 2b gih � b ~ b �\hjk\m b s\g
a b oz�gi� ~ qtu �

 d u{l>u}| 1 b h�s\g a g�h�� k�qthru�s\q d g ~ q b �\u}s b h�vu d g�s\k50~ 2u b s b ~ b �\hjk\m b s\g a b oz�gi� ~ qtu,u a u d ojq d
s b m�k\| orq a |tq ~ u}s bed��*b b o 1 � bea g d u}�\s b g�mYl>u}h�g�hBm�u}q bed gih��/h 2u b u a�d g�h�g��/o�u{s b h�gim �6)�F�� - 9 �
�,���]�}�e�}��� ���P�{�e�e�eu ��� �@m � )�F�� - 9 � �Bs�g�h ~ d gpyegp.�hjg k\mnu u d ��k\q orgpork d u 1 '< l d qts>u l>u}h�gp.
3 & l>u}hjg .�V�s\q d g ~ q b �>u{s>u�vu,m�k�|�orq a |tq ~ u}s bed gih�s\g�m�u{q bed g�h a u}|tuzy d u}h
s\g�s>u}s b h � �Eu d ��k\q orgiojk d u
u a�d g�h�g��/o�u ,!. � mxg�� b h�s\g ~ b �\h�k\m b s\g acb oz�g�� ~ q�u a u d u�k\m�m:k\|�ojq a |�q ~ u{s bed s\g 9E3  9+3 l\q�ojh �
�@�/o d gio�u{��o b � 'g b l\hjg d y{u}s b k\m u ~ d 'g�h ~ q�m b s�g - � g�m(y}u{| bed s\g�u{o d u}h b\� �@m � ��� �}�}�e�eu � �
a\d�bea 2b g ."h�g�k\mYm�k�|�orq a |tq ~ u}s bed��*b b o 1 orq acb c��%�E�EC � n)�%�Wm �%�E���%C a u d u,l>u}q%$�u acb oz�g�� ~ q�u � ��gih�org
o d u}l>u{| 1 b �*m b h�o d u ."h�gw��k\g 'g a b h '< yeg�| b l�ojg d k\mnu d g�s\k�0~ 2u b s\g , V � gim a b oz�g�� ~ q�u � �@��.
o d gioru}�/o b �5� 2u b 'g�u a�d g�h�g��/o�u{s b �\g�� 1 k�m3u ~ d 'gih ~ q�m b g�m s\gihjgim a g�� 1 b\� �@m �6� ���]�{�e�e� � �
u a�d g�h�g��/o�u ."hjg k�m3m�k\| orq a |tq ~ u}s b}d � k�g k�orq�|tqCB�u ~ b s\q%7 ~ u{s bed gih �*b b o 1 �>uwl>u}h�g 3 �@��k\g h 2u b
b ojqtmxqCB�u}s b h a u d u � g d u 0~ 2u b s b h a�djb s\k�o b h a u d ~ q�u}q�h � � 2u b u a\d g�h�g��/o�u}s b h d g�h�k\|�oru}s b h ~ b m
d g�s\k�0~ 2b g�hBg�m 'u d gzu���u{o d u}h b g ~ b �\h�k\m b s\g a b oz�g�� ~ q�u ~ b mYk\m#gihj��k\g�mnu:s\g ~ b s\q87 ~ uc0~ 2u b u}| .
oru}mngi�/org b ojqtmxqCB�u}s b � b � '< yegi|Ks\g�o d u}�\h�qth�o bed g�h � ��g�h�org�� '< y}g�|Ks�g�u}l\h�o d uc0~ 2u b �>u{| � k\��h b k�o djb h
o d u}l>u{| 1 b h@oz�g�mWu}l bed s>u{s b m:k\|�ojq a |�q ~ u{s bed gih�s\q d g ~ q b �\u}s b h�vu d g�s\k50~ 2b gih�g�m 'u d gzu��6�,�� -E� � �
s\gihjgim a g�� 1 b � ����� - ��� �
F�� - 9 � g acb oz�g�� ~ q�u
� � F�� - 9 � � �@m o b s b h<gih�orgih%o d u}l\u}| 1 b h ~ q�oru .
s b h��@u a |tq ~ u ."h�g�| 'be� q ~ u�s\gno d u}��hjqth�o bed g�h s\g a u}h�hru � g�m ~ b m a |tgimngi�/o�u d u b h hjgik\h a\d�b G�gio b h��
a u d u mngi| 1 b}d u d�b gihj��k\g�mnu�s\g ~ b s�q87 ~ uc0~ 2u b��Bb�b o 1 g b h ~ q d ~ k\q o b h!h b m�u{s bed gih ~ b m a |�gio b h �

� b � b h�h b o d u}l>u{| 1 b �Gl\k�h ~ u{m�.�hjg b h�mngihjm b h b l G�giorq y b h�s>u u d � k�q�orgpork d u �*b b o 1 � b k
h�g Gju��5u}| ~ u}��0~ u d mngi| 1 b}d g�h�s\gihjgim a g�� 1 b h gxmxg�� bed g�h ~ b �\hjk\m b h,s\g acb oz�g�� ~ q�u�u a u d ojq d s>u
d g�s\k�0~ 2u b s b h�ojg d m b h:s b h a\d�b s�k�o b h a u d ~ q�u}q�h���mnu}�/orgi�\s b .�hjg�u4mxg�h�m�u d g � k�|�u d qts>u}s�gns\g



,/,��

k\m m�k\| orq a |tq ~ u}s b}d �%�E���%C � )!���-�}�e�/���!)!���-�}�e�/�}u ��� � 'b h m b h�o d u{m b hn��k\gw� b h�hru}h�u d .
��k\q orgiojk d u{h acb s\gim h�g d mnu}qth%�>u{ojk d u{|tmxg��/orgBg�h�ojg��\s�qts>u}h�vu bea g d uc0~ 2b g�h�s\g�m�k\| orq a |tq ~ uc0~ 2u b g�m
l>u{hjg�h m�u{q bed g�h�k�ojqt|tq8Bzu}��s b mngi� b h,� '< y}g�q�h | 'be� q ~ b h�g}�%s\gih�o�u 0 bed mnu��%u a\d g�hjgi�/o�u}�\s b mngi� b h
o d u}�\h�q�0~ 2b g�h5g�h a 'k d q�u{h � � b � b hjh b o d u{l>u}| 1 b �}� 2u b hjg�u a |tq ~ u�u}qt��s>u��\gi� 1 k\mnu�o 'g ~ �\q ~ u�� b � '< y}g�|
s\g�o d u}�\h�qth�o bed g�h�� b ��k\g acb s\g�u}k�mngi��oru d mnu}qth!u�gD7 ~ q��gi� ~ qtu s>u}h�u d ��k\q orgpork d u}h a\djbea b h�o�u}h �

z+����� & � = 3"�� 5 3� % #$2��x: 8�# � #�/ , � F
��g�h�o�u a u d ojg�s b o d u}l\u}| 1 b h�g d 2u b u a\d gihjg��/oru}s>u}h�u}h�u d ��k\q orgpork d u}h�%�	���%C�gim ~ b m a |�gp.

mxg��/o b s\g�� bea g d u}��s b � b h ~ 'b s\q �eb h � qt� 'u d q b g#F '< l d qts b\� ) b m b h�g d 'u:m b h�o d u}s b � b mxg�h�m b
u}h a g ~ o b s\g d g � k\|�u d qts\u}s\g�s>u}h�u d ��k\q orgpork d u}h+�%�E���%C a u d u bea g d uc0~ 2b g�h�hjg�m(h�qt�>u}| �>m b h�o d u}s b
� b ~ u a '< ork\| b u}�/org d q bed � acb s\g�h�g d u a |tq ~ u}s b vu{h!u d ��k\q orgpork d u}h �%�E���%C�g�m ~ b m a |�g�mxg��/o b s�g�� �

z+����� &+��� � = 34�1 �5>3j % # �% �#$� �  �8?S#U:< 4# ,gK � � K 5>3 ,NK , 8.�1�J2 , &
�@m u a |tq ~ uc0~ 2b g�h s\g a\d�b ~ g�h�hru}mxg��/o b s\g h�qt�>u}q�h���u d g a\d gihjg��/oruc0~ 2u b s\g ~ b m a |�g�mxg��/o b s\g-�
'g k\mnu s>u}h ~ b s\q%7 ~ u 0~ 2b gih�m�u}q�h�k�ojqt|tq8Bzu}s\u a u d u bea g d uc0~ 2b g�h�s�gx� 'k�mng djb h ~ b m h�qt�>u{| � +5u d u
gih�org�ojq a b s\g bea g d uc0~ 2u b � b l\q�o!mnu}q�h*hjq � �\q%7 ~ u{ojq�y b � � 9 � d g a\d gihjgi��oru b l\q o�s\g�hjq��>u}| � ��gih�org~ u}h b �Gh�g b � 'k�mng djb 
 'g a b hjq orq�y b �>hjk\u d g a\d gihjg��/oruc0~ 2u b 'g:uxmngihjmnuxs>uxk�orq�|tq8Bzu}s>u a u d u�k\m
� 'k\mxg d�b h�g�m hjqt�\u}|�� b k]h�g Gju��@h�qtm a |tgihjmxg��/org 
 � �
�/o d gioru}�/o b �@h�g b � 'k\mxg d�b 'gn�\g � u orq�y b �
h�k>u d g a�d g�h�g��/o�u 0~ 2u b 'g s>u}s>u a bed � � � 
 � �g�h�org m b s b � b y{u}| bed s b bea g d u}�\s b�a b s\g:hjg d
~ b m a k�o�u}s b s\u�h�g � k�qt�/org 0 bed m�u=*

� 
 � � � 9 � ? �
 � �
� � � � 9 � ? , � 9�� , �

�g�7>�\q��\s b 
 � ? � � 9  2	� � � 2 � 2 � ~ b m b k\m#y}u{| bed hjgimYhjqt�\u}| � +�u d u � 'k\mxg d�b h a b h�q�orq y b hi�
� � 9 � ? ���>g,s�g�h�oru 0 bed m�u b y{u}| b}d�d g a\d gihjg��/oru}s b a bed 
 'g 
 � � +�u d ux� 'k�mng djb h!�\g � u{ojq�y b h��
� � 9 � ? , ��g�s\g�h�o�u 0 bed m�u,g�h�org�y{u}| bed 'g�
 � �

� ? � � 9 � # 
 � � � � ? 
 � � � � 9 � � � be�}b �u��@��k>uc0~ 2u b�9�� , hjg�o bed �>u=*
� 
 � � � � 9 ��? �
 � � � � 9 � � � � 9 ��? , � 9�� ���

b k�h�qtm a |tgihjmxg��/org{� 
 � � � � 9 ��� � 9 � ��g 0 u o b � b ��k\g,un�@��k>uc0~ 2u b 9�� � m b h�o d u 'g�� k�g:u m�k\| orq a |tq ~ uc0~ 2u b s\g�s b qth bea g d u{�\s b h
gim ~ b m a |tg�mxg��/o b s\g�� acb s\g h�g d�d gzu}|�qCBzu{s>u ~ b m b k\mnu4m�k\| orq a |tq ~ uc0~ 2u b h�g�m hjq��>u}| a u d u
� � � , �  s b h a\djb s\k�o b h!s b h�l\q orh � ��h 3�a b hjh�qtl\q�|tq�s>u}s\gih a u d u 
� 
#h 2u b s\u}s>u}h a bed *
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) b �\hjq�s\g d u}�\s b u}h a b h�hjqtl�qt|tq�s>u}s\gih�u ~ q�m�u�� a b s\gp.�hjg�org d k\mnu g $ a\d gihjh 2u b d g�s�kAB�q�s>u��
��k\g 'g�s>u}s>u a bed *


  
 ? 
 �  
 � � � � 9 � 
 � � � 9 � � � � 9 �
� 9 ��

�
� � � �

� � 9 � � � � 9�� 3 �

� 0 b}d mnu�s>un�@��k>uc0~ 2u b 9���3 s\gih�oru ~ u=*
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�$a u d u b a\d q�mngiq d�b ojg d m b �Gorgim�.�hjg � k�g b h � � , l\q�ojh�mxg�� b h�hjq � �\q%7 ~ u{ojq�y b h�s�g 
 g

 a b s�g�m h�g d o d u{o�u}s b h�g�$�u{o�u{mngi��ojg ~ b m b k\m m�k\| orq a |tq ~ u}s b}d �%�E���%C�hjgim hjq��>u}| �

�$a u d u b hjg � k\�\s b org d m b �Korgim�.�hjg���k\g�u 'k\| orqtmnun|�qt� 1 u s b m:k\|�ojq a |�q ~ u{s bed�acb s\g � 2u b
g $�qth�ojq d � a u d u b ~ u}h b s\g�
 � � � b k h�g d k�mXh�k\l�o d u{o b}d s\g�
 � s�g�hj| b ~ u}s b�a bed � � ,l�q�orh � a u d u b ~ u}h b s\g�
 	N� � �

�$a u d u b org d ~ giq djb org d m b �eorgim�.�hjg���k\g�g�m ~ u{s>u,|�qt� 1 u�s\g a\djb s\k�o b a u d ~ qtu}|�� b l\q o
m�u{qth
h�q � ��q87 ~ u{orq y b a b s\g�h�g d � � 
 � � � b k�. , � 
 	 � � �
��u���q � k d u 9�� , � u a\d gihjgi��oru ."h�g�u bea g d uc0~ 2u b s\g�k\mnu�m�k\|�ojq a |�q ~ uc0~ 2u b �%�	���%C!s\g bea g d u}��.

s b h�s�g 3 l\q orh!gim ~ b m a |�g�mxg��/o b s\g ��� ~ b �\h�qts\g d u}�\s bnb h�u}h a g ~ o b h�s\g�h ~ d q o b h�u ~ qtmnu �

1    0    1    0
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+
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(-1)

Representação
Decimal

(1)  0  1  0

             1x

+

(a) (b)

 (1)   1    1    0    1    0  

1    1    1    1

    1    1    0    1    0  

(1)    1    0    1    1    1    0  

 1    1    0    1    0  

     (1)   1    0    1    0    1    1    0  

    0    0    1    1    0  

 0    0    0    0    0    1    1    0  

-1

1   1   0   1   0
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+

Representação
Base 16

+ + + =

(-10)

(-98)

Representação
Decimal

1 1 1 1 0 1 1 0

   1 1 1 0x

0 1 0 1 0 1 0 0

1 1 1 1 0 0 1 0
+

1 1 1 1 0 1 1 1 0 1 0 0

(4096x0) (256x3) (16x13) (4)

(980)

(a) (b)

1  0  0  1  1  1  1  0

616 X -1 = -16

1416 X -7 = -112

  (1  1  1  1)  1  1  1  1  0  1  1  1  0  1  0  0  

1 1 1 1 0 1 1 0

   1 0 0 1x

(1 1 1 1) 1 1 0 1 0 1 1 0

0 0 0 0 0 1 1 1
+

0 0 0 0 0 1 0 0 0 1 1 0

extensão do sinal

(-7)

(14)

6-1

(84)

(-224)

(-140)

6-1

(-42)

(112)

(70)
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Binária
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qpZCb ^ U ^�^ X ^ X5T$KLG\bkS"U(S,G\T�X ^ X5q\TVU ^ UWYLS�X5i e X5ijbhY7a\Z ^ iaX5b ^ ]sX5ndX5Y e U2X5�\Z ^ qsX5T"XBZ ^ ]\ndZ e Z ^ ] PX ^ b e Z ^
q\TVU ^ U;YLS"U ^ Y\Z e X5i_bdY7a`Z e T PhkS"b e Z7O�R ^ S"U�X ^ qpU e S"Z e ZCYLS"TVb!]7G`b�q\X5T"X�X�G\i_U;YLS"Z ^ UWi�T�UW�7GINe OXJZ
�\U�qrZ5S:~U;Y e b$XaqpZCT�qsX5TVS�U*�sX ^ X5T$KLG\bkS"UWS$G\T"X ^ 25464 258 � ��� � �	�� ���5[r�`U*tlbd�\Z �X|i_U;Y`ZCTQ[CUWT"XrNe OX5Z|�\U
S�T"X5Y ^ bVNe OZCU ^ U ^ q PG`T�b$X ^ [ e ZCijZ�ijZ ^ S"T�X5�\Z�YsX t X5]rUWn$XQbAO ��q\X5T"X�q\X5�\T;OZ5U ^ �\U9U;YLS"T�X5�sX ^ U;Y\ZCbh�sX5b ^ O
�9ZCi_Z�X�X5T(K`G`bhS"U(S,G\T�X 09ZlZ5S,a�X5q`T�U ^ U;YLS�X G\ijX�ijUWY\ZCT e ZCi_q\ndU�z`bh�sX5�\U�U;i PXJT�U2X{[ e Z5ijZ
i_Z ^ S�T"X5�`Z~YsX t X5]rUWn$Xb0O �`[�U ^ S�X�X5T(K`G`bhS"U(S,G\T�X e ZCY ^ U1[�G\UyT�U;�0G7T;bhT*iaXJb ^ qpZ5S:~U;Y e b$XKLGsX5Y\�`Z
e ZCijq\X5T"X5�\X �XDtCUWT ^ OXJZ*YQOX5Z � ��� � �	�� ����O
RvYLS"T�U(S�X5YLS�Z\[{Z ^ i_U;Y\Z5T�U ^ tJX5ndZCTVU ^ �\U�XJS"T�X ^ Z�U�Y Ph9tCUWb ^
n PZ=[Cb e Z ^ X5q`T�U ^ U;YLS�XJ�\Z ^ qpU;ndX ^ X5T$KLG\bkS"U(S,G\T�X ^ 254647258vqpU;T�i_bhS�U KLG\U�U ^ S"X ^ X5T(KLG\bhS�UWS,G`T"X ^�e Z5Y�S�bdYLG{]
UWi ^ U;Y\�\ZcijX5b ^ U@{ e UWY�S�U ^ U;i e ZCY ^ G`ijZc�\U�qrZ5S:~U;Y e b$X#K`G\X5Y\�\ZyX5q`ndb e X5�\Z �X ^ UWY�S�T"X5�\X ^ �\Z ^
e bdT e G\bhS�Z ^ G\i�qsX5�\TWOX5Zj�`U ^ bdYsXJn ^ UWY\ZCbd�\X5n�[ e ZCi_ZfijZ ^ S"T�X5�\ZfYsX t X5]rUWn$X^b0O �0O



� K K

d X5T"X ^ bhYsX5b ^ �`UjqsXJ�\T;OX5Z�T"XJY\� ~ZCi_b e Z\[�X5q\ndb e X5�`Z ^ �X ^ U;YLS"T�X5�sX ^ �\Z ^ i<G\nhS�bdq\nhb e X5�\ZCTVU ^ [
ZCY`�\U~Z X ^ qrU e S"Z �\X e ZCTVT�U;ndXrNe OXJZ YQOX5Z U ^ S PX q\TVU ^ U;YLS"UJ[�S"UWif] ^ UG`i tJX5ndZ5Tj�\U TVU;�7G�Ne OX5Z �\U
qpZ5S:~UWY e bdXj�\ZciHG\nhS�bdq\nhb e XJ�\ZCT�254647258 09bhY PX5TVbdZ_U;i TVU;ndXrNe OX5ZaX5Z|i<G`nhS"bhq\ndb e X5�`ZCTE09ZlZ5S,aQ[pi<G\bkS"Z
q\T PZJz{bdi_Z�X5Z�T�U ^ G\nkS�X5�\Z�Z=]{S"bd�`Z q\X5T"X�U;YLS�T"X5�sX ^�^ U;Y\Z5bd�sX5b ^ [ e ZCijZ�qpZl�\U ^ U;Tntlb ^ S"Z YsX ^
t X�]pU;n$X ^ b0O � Unb0O � �0O�RvYLS"TVUWS�XJY�S�Z\[ e ZCi_Z S�XJi<] PU;i qpZ{�\U ^ U;T e ZCi_qsX5T�X5�\Z Y\U ^ S"X ^ �7GsX ^
S"X�]rUWn$X ^ [JZ�X ^ qpU e S"Z>�\XPE X5nkS�XF�\U e ZCT�TVU;ndXrNe OX5Z�YsX ^ U;YLS"T�X5�sX ^ �\Z ^ i<G\nhS�bdq\nhb e X5�\ZCTVU ^ [!X5G\ijUWYLS�X�Z
e ZCY ^ G`ijZg�\UFqpZ5S:~UWY e bdX>�sXgX5T$KLG\bkS"U(S,G\T�XC254647258�f Ph!]\TVbd�sX�UWi T�UWn$XrNe OX5Z �X&X5T(K`G`bhS"U(S,G\T�X�09bdY PXJT�b$XAO

t M 0BR � M b0O � �	� 36X5ndZCTVU ^ �\UgqpZ5S:~UWY e bdX8qsX5T"X ^ bdYsX5n��\UgqsX5�\TWOX5ZfT"X5Y\� ~ZCijb e Z7O
��� ��� ��	���	 � �V�� � ��	"���������� �$#&% � �
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����� � ��������������� �"!�$#�&%('*),+��-%.� �0/213%546�6)74 89%54:����)746)7;<�=%?>�)@�
M Z ndZCY=ACZ �\Z ^ X5Y\Z ^ X5n�A
B`Y ^ S"T�X�CsX5nED\Z ^ S:~U;i XFCrZCTV�sX5�\Z�X~�\U e ZCi_qpZ ^ b�Ne OX5Z��sX iGB\n�]

S�bdq\nhb e XpNe OX5Zj�\U e ZCY ^ S�XJY�S�U ^ U;i�bhijq`ndU;i_U;YLS"XrNe OZCU ^�e ZCi�ZCqpU;T�XrNe OZCU ^ �\U ^ ndZ e X<] ^ ZCijX|U;i e ZCi8]
q\nhU;i_U;YLS"Z��\UIH 9 ��R&J5K=�{[ML M � � �`[I�<L M � K`[0N�� t �
K{[MN M � � �l[ 1PO��QH�R
R�R =TS M nEA
B\Y ^
�\U ^ S�U ^ S�T"X�CsXJn�D\Z ^ q\TVZCqQOZCUWi S�T"X5Y ^�U ZCTViaXrNe OZCU ^ Y\Z ^�e bhT e B`bhS"Z ^ qsXJT"XjTVU;��B�Ne OX5Z|�`ZaY PB\i_U;TVZj�\U
�\U ^ nhZ e X5ijUWYLS"Z ^ U ^ ZCijX ^ [lS�X5b ^Be ZCi_Z*UWndbdi_bdY\XrNe OX5Zm�\U ^ B�CrU�z{q\T�U ^�^ OZ5U ^�e ZCiGB\Y ^ [sX ^V^ Z e bdXJS"bWV{b�]
�sXJ�\U5[��\b ^ S"T�bEC�B`S�bEVlbd�sXJ�\U|U e ZCiGB{S�XJS�bEVlbd�sXJ�\U S 1�Z�Y\Z ^V^ Z�S"T"XFCsX5n�D`Z Z�q\TVbdY e bdqsXJnFX ^ qpUWS�Z PU
X�U(z{q\nhZCT"XrNe OX5Z��sX ^ ZCqrUWT"XrNe OZCU ^ U;i e PZC�\bEACZXL PY�C`T�bd�`Z�UWi e ZCi_q\nhU;i_U;YLS"Z��\UZH{[ e ZCi_Z ^ U;T PX
i_Z ^ S�T"X5�`Z8Y\U ^ S�Xjq\X5TVS�U&�\Z_S�T"X�C\X5n�D\Z S
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�
�� %L%�� &$����*/#)( � ����� ��#��/��!/#
�9Z5ijZy�\bkS"ZyX5YLS"UWT�bhZCT�i_U;YLS"UJ[�Z�UWY U Z\[2B\U_�\U_X5nEA
B\Y ^ S�T"X�CsXJn�D\Z ^ TVU;ndX e bhZCYsX5�\Z ^&e ZCixX

�\U e ZCi_qpZ ^ b�Ne OX5Z��sX ^ ZCqpU;T�XrNe OZCU ^ �\U�iGB\nkS"bhq\ndb e XrNe OX5Z PU�X�S�T"X5Y ^�U ZCT�ijXrNe OX5Z��\Z e bdT e B\bhS�Z�qsX5T"X
TVU;��BINe OX5Zm�\Z�Y PB`ijUWT�Zg�\U��\U ^ ndZ e X5i_U;YLS"Z ^ U ^ ZCiaX ^ S Rvi 9]N_^ t ��`\[2N M � � � = [{qpZCTvU(z{UWijq\nhZ\[
C�B ^�e X!] ^ U�Z e Z5ijqsXJTVS"bhn�DsXJijUWY�S�Z e ZCiaB\i��\Z ^ q`T�Zl��B`S"Z ^ qsXJT"X�UWndbhijbhYsXrNe OXJZ��`U ^ B=CrU�z`q`T�U ^V^ OZCU ^
e ZCiGB\Y ^ S R�i 9bNc^ t �F` = [uU�z`qpU;TVbdi_U;YLS�X!] ^ U~X T�U;�=BINe OX5Z Y\Z Y PB`ijUWT�Z �`U �\U ^ ndZ e X5i_U;YLS"Z ^ [
X5�`bVNe OZ5U ^ U&iGB`nhS"bhq\ndb e XrNe OZCU ^ U;i ZCqpU;T"XpNe OZCU ^ qrZCnhbdY\Z5ijbdX5b ^ S ?>U>X e ZCTV�\Z e Z5i�Z ^ X�B{S"ZCTVU ^ [{S"U;i8]
^ U�B\i Y PB\i_U;TVZ�i PU;�`bdZy�\UaTVU;��B�Ne OZCU ^ �\U1�F` � [ ��K � UZd�� � T�U ^ qrU e S�bEVJX5i_U;YLS"U_qsX5T�X�U ^ S�X ^
ZCqpU;T�XrNe OZ5U ^ S Rvi 9]N M � � � = [�Z Z
C AVUWS�bEV5Z PU�bd�\UWY�S�bEe e X5T|qsXJ�\T;OZCU ^ i PB\nkS"bhq\ndZ ^ Y\Z e ZCY A�B\YLS�Z
�\U e Z{Ufe e bhU;YLS"U ^ �`UgB`ihesnhS�T�Z � J ��UcTVU;i_ZVCU;TfU ^ S"U ^ q\X5�\T;OZ5U ^ S ^ q`T�bdY e bdq\X5nBX5nWVCZ��\U ^ S"U
S�T"X�CsXJn�D\Z PU�X TVU;��B�Ne OX5Z �\Z Y PB\ijUWT�Z��\U e bdT e B\bhS�Z ^_^ ZCijX5�\ZCTVU ^ U;i e ZlUie e bdUWY�S�U ^ �\UgesnhS�T�Z
� J � S ?>U�X e ZCTV�\Z e ZCi�Z ^ XFB`S"ZCTVU ^ [FX�S PU e Y`b e XXB`S"bhndbEj2X5�sX�X5q`T�U ^ U;YLS"Z�BkB\iaX ^ bEACY\bWe e XJS�bEVJX
TVU;��BINe OX5Z_�\U 
 254���l 254 � e Z5i ^ XJS�b ^�U XJS PZCTVbdZ*S�U;i_qrZf�\UgU(z{U e BINe OX5Z S

Rvi 9 1PO��QH�R
R
R = [`X�X�CpZCT��\X�ACU;i UWY2V5ZCnEV5U&X��`U e Z5ijqpZ ^ b�Ne OX5Z��\U�Z5qrUWT"XrNe OZCU ^ �\U>iGB\nkS"b�]
q\nhb e XrNe OX5Z e ZCi_q\ndU�z`XfUWioZCqpU;T�XrNe OZCU ^ �\U ^ ndZ e X<] ^ ZCijX*U;nhU;i_U;YLS�X5TVU ^ S J ^ S"Z PU&T�U;X5ndbEj2X5�\ZfX<S"T"XmV PU ^
�\Z�i PX!z`bhijZ e ZCijq\X5TVS�bdn�D\X5ijUWYLS"Z&U;YLS�T�U e ZCi_q�B`S�XpNe OZCU ^ bdYLS�U;T�i_U;�`b PX5TVb$X ^ S ^PB`S�T"X�XFCrZCTV�sX�ACUWi
�\U ^ S�U�S"T�X�CsX5nED\ZaUWYnVCZCnWVCU8XfS"T"XJY ^�U ZCTViaXpNe OX5Z_Y2B\i PUWT�b e Xj�`Z ^ b ^ S"UWiaXfZCTVb�ACbhYsX5n �\U�ijZl�\ZjX ^ U
Z
C{S"U;TuY\ZVJX ^ X5To[2B\bkS"U(SpB\T�X ^ue ZCi��\b U U;TVU;YLS"U ^�e Z{Ufe e bhU;YLS"U ^ qsX5T�X_ZfS"UWT�i_ZjiaB\nhS�bdq\nhb e XJ�\ZCT;[��\U
U ZCTViaX_X U X e bdnhbhS�XJTBZ e Z5ijqsXJTVS"bhn�DsXJijUWY�S�ZfU;YLS"TVU8X ^�e ZCi_q�B`S�XpNe OZCU ^ S ?>U*X e ZCT��\Z e ZCi Z ^ X�B{]
S�ZCT�U ^ [ U ^ S�X ^ S�T"X5Y ^�U ZCT�ijXrNe OZCU ^ qpZ ^�^ b�C\bhndbkS�X5iqB\ijX|T�UW��BINe OX5Z�UWi K
R � �\ZcS"ZJS�X5n��\ZyY PB\ijUWT�Z



d K�`

�\UgZCqpU;T�XrNe OZ5U ^ S
��iaX_Z
B`S�T"X|X�CpZCTV�sX�ACUWi UWYnVCZCnWVCU;Y`�\ZcS"T"XJY ^�U ZCTViaXpNe OZCU ^ Y\Zci_Z{�`U;ndZ_ijXJS"UWi PXJS�b e Zj�\Z

^ b ^ S�U;ijX PU X5q`T�U ^ U;YLS�XJ�\Z�U;i 9E�<L M �5K =TS 1�U ^ S"U S�T"X�CsXJn�D\Z\[ B\ijX�S PU e Y`b e X��\U;Y\Z5ijbhYsX5�sX
9 �� , � 4��+*�� �	� � � ���� PU�B`S"bhndb�j;X5�sX�qsX5T"X ^ bdi_q\ndbWe e XJT�Z ^ve Z{Ufe e bhU;YLS"U ^ �\Z ^ b ^ S"UWiaX>UF�\U ^ S"X U Z5T�ijX`[
TVU;��B�jWbdT�X e Z5ijq\nhU(z{bd�\X5�\U �sX ^ iGB`nhS"bhq\ndb e XrNe OZCU ^ S ?>U X e ZCT��`Z e ZCi Z ^ XFB`S"ZCTVU ^ [ e ZCi X
X5q`ndb e XrNe OXJZ �\U ^ S�X S PU e Y\b e X PU qpZ ^�^ PYEV5U;nPB\ijX T�UW��BINe OX5Z U;i PXJT�U2X �\U K�K � S RvYLS"TVUWS�XJY�S�Z\[>X
TVU;��BINe OX5Z_U;i 
 254 ��l 254 �Bq`T�Zl��B�j&ZjX�B\i_U;YLS"ZfY\Z_XJS�T"X ^ ZjUWi�X5n�A�B\Y ^Fe bhT e B\bhS�Z ^ S

RviGCpZCT�X*Z ^ S"T�X�CsX5nED\Z ^ X5q`T�U ^ U;YLS�XJ�\Z ^ X�CrZ5T��\UWi��\b U U;T�UWYLS"U ^ S PU e Y`b e X ^ �\UgT�U;�=BINe OX5Zf�\Z
Y PB\i_U;TVZj�`U*ZCqpU;T"XpNe OZCU ^ �\U ^ ndZ e X!] ^ Z5iaX`[�Y\UWY�D2B\i �`U ^ S�U ^ X�CpZCTV�sXjZCqpU;T�XrNe OZ5U ^>e ZCY ^ bh�\U;T�X5Y\�\Z
ZCqpU;T�X5Y\�\Z ^ U;i(B\i e PZC�\bEACZ*�\b U U;T�UWYLS"U&�\ZN09bhY PX5TVbdZ S R�i Y\Z ^V^ Z8S"T�X�CsX5nED\Z\[{X5q\T�U ^ UWY�S"X<] ^ U�B\i
e bdT e B\bhS�Z&iGB\nkS"bdq`ndb e X5�\ZCT��\U ^ ndZ e X<] ^ ZCijX>U;i e ZCi_q\ndUWijUWY�S�Z&�\U H [2B\U�ZCqpU;T"X e ZCi ZCqpU;T"XJY\�\Z ^
UWi e PZ5�\b�ACZGL PY�C`T�bd�`Z S �9ZCi_Z ^ UWT PX*i_Z ^ S�T"X5�`Z\[\X U X e bdnhbd�sX5�`U��\U e ZCYnVCUWT ^ OXJZjUWY�S�T�U&Z ^Fe PZC�\bEACZ ^
09bhY PX5TVbdZ~U L PY�C\TVbd�\Z\[vi_Z ^ S"T"XJ�sX YsX ^8^ UlNe OZCU ^ XJY�S�U;TVbdZCTVU ^ [6qpZ{�\U ^ U;T_X5q\nhb e X5�sX~qsX5T�X~bdi_q\ndU�]
i_U;YLS�XpNe OX5Zy�\U_X5T�[ B`bhS"U(SpB\T�X ^ �\U e bhT e B`bhS"Z ^ ZCqrUWT"X5Y`�\Z�UWi e PZ5�\b�ACZgL PY�C\TVbd�\Z e ZCi��\b U U;T�UWYLS"U ^
ACT�B\qpZ ^ �\U � C\bkS ^ S ^ ^>e bhT e B\bhS�Z ^ i_Z ^ S�T"X5�\Z ^ Y\U ^ S�XcqsX5T�S"U*�`Z|S"T"XFCsX5n�D`Z ^ UWT;OX5Z B`S�bdndbEj2X5�`Z ^
qpZ ^ S�U;TVbdZCTVijUWY�S�UjUWi}XJTo[2B\bhS�UWSoB\T"X ^ �\U e\nhS"TVZ ^ � J � �\U;�\b e X5�\X ^ YsX U ZCT�ijX�S�Z5S�X5nhijUWYLS"UfqsX<]
T�X5ndUWn$X`[pZCY\�\U8Z ^&e ZlUie e bdU;YLS�U ^g^ OX5Z e{z`Z ^ [ S"UWY\�\ZJ] ^ U B\i e bdT e B\bkS"Z|iaB\nhS�bdq\nhb e XJ�\ZCTuqsX5T�X e X5�sX
U ^ S PXFACbdZ8�\Z esnkS"T�Z S
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N�X5T"X B\i e bdT e B\bhS�ZjiaB\nhS�bdq\nhb e XJ�\ZCT9�`U ^ nhZ e X<] ^ ZCijX L PY�C\TVbd�\Z_X_ijUWn�D\ZCTuXJnhS"UWT�YsX<S"bEVJX*�\U

bhijq\nhU;i_U;YLS�XpNe OX5Z PUaB{S"bdnhb�j;X5T�B\i iGB\nkS"bdq`ndb e X5�\ZCTL09bdY PX5T�bhZj�\U ^ nhZ e X<] ^ ZCiaX e Z5Y2V5U;Y e bdZCY\X5n e ZCi
qpZCTVS"X ^ n PZ
ACb e X ^�������� YsX ^ U;YLS"T�X5�sX ^ U ^ X PYd�\X ^ �\Z e bdT e B\bhS�Z\[Iq\X5T"X�S�T"X5Y ^�U ZCT�ijXrNe OX5Z��sX~TVU(]
q\TVU ^ U;YLS�XrNe OX5Za�`Z ^ �sX5�\Z ^ S M U ^ S�ToB`SoB\T"Xf�\U ^ S�X_ZCqpU;T"XpNe OX5Z PUgijZ ^ S"T�X5�sX*YsX � bEA
B\T"X K S d H S

Dados de Entrada
    Híbridos

Transformação
   Binário
(Portas EXOR)

  Operador
   Binário

Operação de multiplicação
em Binário (desloca-soma)

Transformação
   Híbrido
(Portas EXOR)

 Dados de Saída
    Híbridos

� J�O���� M K S d H �cR ^ S"ToB{SpB\T�Xj�sX8ZCqpU;T�XrNe OX5Zf�\UgiGB`nhS"bhq\ndb e XrNe OX5Z��`U ^ nhZ e X<] ^ ZCijX*U;i e PZC�\b�A5Z
L PYEC\T�bh�\Z S

�9Z5ijZ>qpZl�\U ^ UWT
Z
C ^ U;T�V5XJ�\ZgYsX � bEA
B\T"X K S dH{[CX>ZCqpU;T�XrNe OXJZ&�\Z&iGB\nkS"bdq`ndb e X5�\ZCT �`U ^ nhZ e X<]
^ ZCiaX�L PY�C\TVbd�\Z&ijX5YLS PUWi ZgZCqpU;T"XJ�\ZCTvU;i e PZC�\bEACZ�09bhY PX5T�bhZ S ?>U ^ S"X U ZCT�ijX`[LX ^ qpZCT�S�X ^ n PZ�ACb e X ^



d K �

����� � YsX ^ U;YLS"T�X5�sX ^ �\Z e bdT e B\bkS"ZgALX5T�X5YLS"U;i X�ZCqpU;T"XpNe OX5Z��\UjiaB\nhS�bdq\nhb e XpNe OX5Z|UWi 09bdY PXJT�bdZ S
N�ZCT�Z
B{S"T�Zjn$X5�`Z\[rU ^ S"X ^ qpZCTVS"X ^ n PZ
ACb e X ^ YsX ^�^ X PYh�sX ^ �`Z e bhT e B`bhS"Z ALX5T�X5YLS"UWi X_iGB\�sX5Y�Ne Xa�\U
TVU;q\TVU ^ UWYLS�XrNe OX5Z|�\U U ZCT�ijX8X ^ UmS�U;TuZ ^ �sX5�\Z ^ �\b ^ qpZCY PYWVCU;b ^ YsX ^�^ X PYh�sX ^ U;i e PZC�\bEACZ L PY�C`T�bd�`Z S
��ioU(z{U;i_q\nhZ_�\X_ZCqpU;T�XrNe OXJZj�\UgiGB`nhS"bhq\ndb e XrNe OX5Z��`U ^ nhZ e X<] ^ ZCijX*U;i e PZ5�\b�ACZ L PY�C\TVbd�\Z PUmX5q\TVU(]
^ U;YLS�X5�`ZjYsX � bEA
B\T"X K S d K8qsXJT"X B\ioY PB\i_U;TVZ8�\U ` C\bhS ^�e ZCi ACT�B\qpZ ^ �\U C\bhS ^ ��� HfU ` S

Constante 
 Binária

  Operando 
Híbrido(m=2)

1 1 1 1

1 1 1 0

Transformação
   Binário

1 0 1 0

1 1 1 0

(-6)

(-2)

Operação

1 0 1 0

1 0 1 0 0

1 0 1 0 0 0

1 0 1 0 0 0 0

0

1

1

1

Operador
Binário

(+)

(-)Extensão
do sinal

 1 0 1 0 0

 1 0 1 0 0 0

1 0 1 1 1 0 0

(1)
+

1 0 1 0 0 0 0

0 0 0 1 1 0 0 0

-

Transformação Híbrido
(m=2)

0 0 0 1 1 0 0(0) (12)Resultado

(1)

(1)

(1)

(1)

Operação

1 0 0 0

1 0 0 0 0

1 0 0 0 0 0

1 0 0 0 0 0 0

0

1

1

1

Operador
Binário

(+)

(-)Extensão
do sinal

 1 0 0 0 0

 1 0 0 0 0 0

1 0 1 0 0 0 0

(1)
+

1 0 0 0 0 0 0

0 0 1 0 0 0 0 0

-

Transformação Híbrido
(m=4)

0 0 1 0 0 0 0(0) (16)Resultado

(1)

(1)

(1)

(1)

Constante 
 Binária

  Operando 
Híbrido(m=4)

1 1 1 1

1 1 1 0

Transformação
   Binário

1 0 0 0

1 1 1 0

(-8)

(-2)

(a) (b)

� J�O���� M K S d K	�cR
z{UWijq\nhZ ^ �\UgiGB\nkS"bhq\ndb e XrNe OX5Z��\U ^ nhZ e X<] ^ ZCiaX*UWi e PZ5�\b�ACZ L PY�C\TVbd�\Z e ZCi
��� H8U ` S

�9Z5ijZ ^ U�Z
C ^ U;T�VJX Y\X � bEA
B\T"X K S d K`[9X��\b U U;TVU;YINe X�U;YLS�T�U~X ^ ZCqpU;T�XrNe OZ5U ^ U;i e PZC�`b�ACZ
L PY�C\TVbd�\Z e ZCi(ACToB\qpZ ^ �`U�C\bhS ^ ��� H�UP` e ZCY ^ b ^ S"U&YsX*iaB\�sX5YINe X*�\U&T�UWq\T�U ^ UWY�S"XrNe OXJZj�\Z ^ �sX<]
�\Z ^9e Z5i e PZC�\b�A5Z O&T"X��_Y\Z ^ A5ToB\qpZ ^ �`UPC\bhS ^ S RvYLS"TVUWS"X5YLS"Z\[\q\X5T"X*XJiGCrZ ^ Z ^9e X ^ Z ^B^ U B`S"bhndbEj2X
B\i�iGB`nhS"bhq\ndb e X5�`ZCTQ�\U ^ ndZ e X!] ^ Z5iaX�09bdY PXJT�bdZ�U;i e ZCijq`ndU;i_U;YLS�Z��\U.H e ZCi�U(zlS�U;Y ^ OX5Z&�\Z ^ bdYsX5n [
e ZCijZyqpZ{�`U ^ U;TmZ
C ^ UWT�VJX5�\Z�YsX ^ � b�A�B\T"X ^ K S d K�B X D U�K S d K�B C D S 1�XJSpB\T�X5ndi_U;YLS�U5[�X�X5T�[2B\bhS�U(]
SoB\T"Xa�`Z|iGB\nkS"bdq`ndb e X5�\ZCT<L PY�C`T�bd�`Z [2B\U*UWY2V5ZCnEV5U ACToB`qrZ ^ �\UGC\bkS ^ ����`aU;YnVCZCnWVCU B\ijXjijX5bhZCT
e ZCijq`ndU(z{bh�sX5�\U*�`UiVlbd�\Z �X e ZCYnV5U;T ^ OX5Z~UWY�S�T�UfZ ^ge PZ5�\b�ACZ ^ OgT�X!�~UC0�bdY PX5TVbdZ\[ ^ U;Y`�\Z B{S"bdnhb�j;X5�sX
B\ijX*ijX5bdZCT5[ B\X5YLS"bd�\X5�\Ug�\UgqrZ5TVS�X ^ n PZ
ACb e X ^ � � ��� [ e ZCijZfi_Z ^ S�T"X5�`Z_Y\X � b�A
B\T�X K S dm`&B C DfS

�9Z5ijZ ^ U_Z�C ^ UWT�VJX�Y\X ^ � b�A
B`T"X ^ K S dm`�B X D U@B C D [�qsX5T�X|ZCqpU;T"XpNe OZCU ^ �`U ^ nhZ e X<] ^ ZCijX|U;i
e PZC�\b�A5Z L PY�C`T�bd�`Z e ZCi VJX5nhZCT�U ^ �\U ��� HyU `\[,B`S�bdnhb�j2X!] ^ U�Z�i_U ^ ijZ e bdT e B\bkS"ZyiGB\nkS"bdq`ndb e X5�\ZCT
�\U ^ nhZ e X<] ^ ZCiaX(09bhY PX5T�bhZ S 1�U ^ S"U e bdT e B\bhS�Z 09bhY PX5TVbdZ ^ OX5Z B{S"bdnhb�j;X5�\Z ^ue bhT e B\bhS�Z ^�^ ZCiaXJ�\ZCT�U ^ Z
B
^ B�C`S"T�XJS"Z5T�U ^ �\U�X e Z5T��\Z e ZCi Z ^ C\bhS ^ �\Z Z5qrUWT"X5�\Z5T S ?>U U XJS�Z\[FqsX5T�X S"Zl�\Z ^ Z ^ C\bkS ^ �\Z
ZCqpU;T�X5�\ZCTgUWi�Y PYEVCUWn�n PZ
ACb e Z d ^ OX5Z B`S�bdnhb�j2XJ�\Z ^&e bhT e B\bhS�Z ^g^ ZCijX5�\ZCTVU ^ [2B\U U X�jWU;i�X ^m^ ZCijX ^
�\Z ^ ZCqpU;T�X5Y\�\Z ^ �\U ^ ndZ e X5�\Z ^ �X�U ^ [2B\U;TV�sX`[�ijUWY\Z ^ Z PB\nhS�bdi_ZgC`bhS*�`Z~ZCqpU;T"XJ�\ZCTa[2B\Uc�`UiesY\U
X B`S"bhndbEj2XrNe OX5Z �\UgB\i e bhT e B`bhS"Z ^ B�C`S"T�XJS"Z5T;[ e X ^ Z�U ^ S�U C`bhS_U ^ S"U A�X�U;i�Y PYWVCUWn�n PZ
ACb e Z dC[5[2B\U
bhY\�\b e X B\ijX�ZCqpU;T�XrNe OXJZ e ZCi ^ bhYsX5n S M ^ qrZCT�S�X ^ n PZ
A5b e X ^ ����� � U X�j;UWi}X ^�e ZCYnVCUWT ^ OZCU ^ �\Z ^
�sXJ�\Z ^ UWYLS"T�UaZ ^�e PZC�\b�A5Z ^ 0�bdY PX5TVbdZ�U L PY�C\TVbd�\Z S N�X5T"X B\iaX�qsX5ndXVlT�X��\Uj�sX5�\Z ^ �\U � C\bkS ^
U���� H{[ ^ OX5Z�Y`U e U ^�^ PX5T�bdX ^ � � qpZCTVS"X ^ YsX ^ U;YLS"T�X5�sX ^ �\Z�iGB\nhS�bdq\nhb e X5�\ZCT�U � qpZCT�S�X ^ YsX ^
^ X PYd�sX ^ �\Z e bhT e B\bhS�Z�qsX5T�X B\ijX�ZCqpU;T"XpNe OX5Z L PY�C\TVbd�sX S N�X5T"X B`iaX�Z5qrUWT"XrNe OX5Z L PYEC\T�bh�sX`[ e ZCi
���P`\[ ^ OXJZ�Y\U e U ^ PX5TVb$X ^ K � � qpZCT�S�X ^ n PZ�ACb e X ^ ������� YsX ^ U;YLS"T�X5�sX ^ qsX5T�X e ZCYnVCUWT ^ OX5Z*�\Z e PZC�`b�ACZ
L PY�C\TVbd�\Z&qsXJT"XgZ 0�bdY PX5TVbdZ&UuZm�\Z
C\TVZ��\U ^ S"X"[2BsX5YLS"bh�sX5�\UuqsXJT"XmX e ZCYnVCUWT ^ OXJZ*�\U 09bdY PX5T�bhZ&qsX5T"X
L PY�C\TVbd�\Z8YsX ^ X PYd�sX8�\Z_iGB\nkS"bdq`ndb e X5�\ZCT S �9ZCi_Z_qrZl�\U ^ UWT�Z�C ^ UWT�VJX5�\ZjYsX � b�A
B\T�X K S dm`&B C D [�X ^



d K
K

A3 A2 A1 A0

A3 A1A2’ A0’

Entrada
Híbrida(m=2)

Transformação
Binário(m=2)

Dados
Binários

+

A3 A2’A1A3 A2’A1 A0’

Extensão
do sinal

-

A3 A2’A1 A0’

Extensão
do sinal

P2’P3’P4’P5’P6’P7’

P7’ P6’ P5’ P4’

P5 P3P4 P2

Dados
Binários

Transformação
Híbrido(m=2)

Resultado
Híbrido (m=2)

A0’

P1’

0

P0’

P1 P0

P3’ P2’ P1’ P0’

P6P7

P7’ P6’

P5 P4

Transformação
Híbrido(m=4)

Resultado
Híbrido (m=4)

P6P7

A3 A2 A1

A3 A2’ A1’

Entrada
Híbrida(m=4)

Transformação
Binário(m=4)

A0

A0’

P5’ P4’ P3’ P2’

P1 P0P2P3

P1’ P0’

+

A3 A2’A1’A3 A2’A1’A0’

Extensão
do sinal

-

A3 A2’A1 A0’

Extensão
do sinal

P2’P3’P4’P5’P6’P7’Dados
Binários

A0’

P1’

0

P0’

(a) (b)

Multiplicador Desloca-Soma
Binário

Multiplicador Desloca-Soma
Binário

� J�O���� M K S dm` � M To[2B\bkS"UWSoB\T"X ^ �`Z ^ iGB\nhS�bdq\nhb e X5�\ZCTVU ^ �`U ^ nhZ e X<] ^ ZCijX L PY�C`T�bd�`Z ^Be Z5i ��� H
U ` S

e ZCYnVCU;T ^ OZCU ^ U;YLS�T�U�Z ^�e PZC�\bEACZ ^ L PYEC\T�bh�\Z&U�0�bdY PX5TVbdZ&YsX ^ UWY�S�T"X5�\X ^ U ^ X PYd�sX ^ �\Z�iGB\nkS"bdq`ndb e X5�\ZCT
�\U ^ nhZ e X<] ^ ZCiaX ^ OX5Z TVU2X5nhb�j2XJ�sX ^ �\U U ZCT�ijX ^ �\b U UWT�UWY�S�U S R ^ S"X ^ae ZCYnVCUWT ^ OZ5U ^|^ OX5Z TVU2X5nhb�j2XJ�sX ^
e ZCijZ8i_Z ^ S"T"XJ�\Z_X5YLS"U;TVbdZCTVijUWYLS"U&YsX ^ R&[2BsXrNe OZCU ^ ` S K{[�` S `\[�` S �*U ` S K S

M ^ XJTo[2B\bhS�UWSoB\T"X ^ �\U_iGB\nkS"bhq\ndb e X5�\Z5T�U ^ �\U ^ ndZ e X<] ^ ZCijX ^ OX5Z�Y\ZCTViaX5nhijUWYLS"U B`S�bdndbEj2X5�\X ^
qsXJT"XfZCqrUWT"XrNe OZCU ^ �\UmiGB\nkS"bdq`ndb e XrNe OXJZ��\UmZCqpU;T"XJY\�\Z ^�e ZCi VJX5nhZCT�U ^Fe ZCY ^ S�XJY�S�U ^ S 1�Z_q\T PZJz{bhijZ
e X5q PYhSoB\ndZ ^ U;T PX i_Z ^ S�T"X5�`Z Z bhijqsX e S"Z �sX B`S�bdnhb�j2XpNe OX5Z �\U ^ S�U ^ iGB\nhS�bdq\nhb e X5�\ZCTVU ^ 0�bdY PX5TVbdZ U
L PY�C\TVbd�\ZjYsX|X5T�[ B`bhS"U(SpB\T�X|�\UGB\i esnkS"T�Z � J ��S�Z5S�XJndi_U;YLS"U�qsX5T"XJndU;nhZj�`UIdK C\bkS ^ [rZCY\�\U�qsX5T"X
e X5�sX e ZlUie e bdUWY�S�U��`Z e\nhS"TVZ PU B{S"bdnhb�j;X5�sXaB\ijX*�\U ^ S�X ^ X5T�[2B\bhS�UWSpB`T"X ^ S

����� �k),+���46%

1�U ^ S"U e X5q PYkSpB\nhZ U ZCT�X5i X5q\TVU ^ U;YLS�X5�\X ^ Y\ZVJX ^ X5T�[2B\bhS�UWSpB`T"X ^ �\U e bdT e B\bkS"Z ^ iGB\nkS"bdq`ndbk]
e X5�\ZCTVU ^ UWi e PZC�`b�ACZ ^ 09bhY PX5T�bhZ U L PYEC\T�bh�\Z YsX C\X ^ U H�� [ B`U ZCqpU;T�X5i U;i Y PB\i_U;TVZ ^ U;i
e ZCijq`ndU;i_U;YLS�Zj�\UGH S�� Z5b�i_Z ^ S"T"XJ�\Z [2B\U�XaU ^ S"ToB{SpB\T�Xa�\U ^ S"U ^ iGB\nhS�bdq\nhb e X5�\ZCTVU ^ ijX5YLS PUWi Z
i_U ^ ijZ>Y PYEVCUWn\�\UFTVU A
B\ndX5T�bh�sX5�\U��\U�B\i iGB\nhS�bdq\nhb e X5�\ZCT 254647258 e Z5Y2V5U;Y e bdZCY\X5n/B����Gd D Sv� ZCT"XJi
X5q`T�U ^ U;YLS�XJ�\Z ^ T�U ^ B\nkS�X5�`Z ^ [2B\UFijZ ^ S"T�X5iQ[2B\U�X ^ X5T�[ B`bhS"U(SpB\T�X ^ 2546472589q\TVZCqpZ ^ S"X ^ [LZCqpU;T�X5Y\�\Z
UWi?ACT�B\qrZ ^ �\U�C\bhS ^ ��� H{[\qpZ{�`U;i ^ U;TuijX5b ^ Uie e bdU;YLS�U ^ �\Z [2B\UgXfX5To[2B\bkS"UWSoB\T"X 0�Z{Z5SoD G�ZJ]
�\bWe e XJ�sX>YsX�CsX ^ U3` S t XJiGC PU;i U ZCb\i_Z ^ S�T"X5�`Z [2B\U PUFqpZ ^�^ PYEV5U;n ^ UuZ
C{S"U;TvTVU;��B�Ne OX5Zm�\U�XJS"T�X ^ ZgU



d K��

qpZ5S��UWY e bdX�qsXJT"X�X�X5To[2B\bkS"UWSoB\T"X 09bdY PX5T�bdX e ZCi ����` S R ^ S�X ^ T�UW��BINe OZ5U ^ qsXJT"X�iGB`nhS"bhq\ndb e X5�`ZCT�U ^
09ZlZ5SoDa�\UPC\X ^ U ^ iaX5bhZCT�U ^�^ U�S"Z5T�YsX��`b U PY e bdn [C�\UiVlbh�\Z �X e Z5ijq\nhU(z{bd�\X5�\U�qsX5T"X e Zl�\bEe e XrNe OXJZ*�\Z ^
ZCqpU;T�X5Y\�\Z ^ U;i ACT�B\qrZ ^ ijX5bdZCTVU ^ �\U C`bhS ^ S M T�U A�B\n$X5TVbd�sXJ�\Uf�sX ^ X5T�[2B\bhS�UWSpB`T"X ^ q\T�ZCqpZ ^ S�X ^
qpU;TVijbkS"U�X X5q\nhb e XpNe OX5Z��\U~Z
B`S�T"X ^ S PU e Y\b e X ^ �`U~T�UW��BINe OXJZ �\U~qpZ5S��UWY e bdX S 1�U ^ S�U e ZCYLS"U�zlS"Z\[
U ZCT�X5i X5q\TVU ^ UWYLS�X5�sX ^ bdi_q\ndUWijUWY�S"XrNe OZ5U ^ �sX ^ X5T�[2B\bhS�UWSpB`T"X ^ 254 47258�U)09ZlZ5SpD G�Z{�`bEe e X5�sXaYsX
V5U;T ^ OX5Z � ��� � �	�� ��� S ^ ^ T�U ^ B\nkS�X5�\Z ^ i_Z ^ S�T"X5T�X5i?[2B\Umi_U ^ i_Z_YsX V5U;T ^ OX5Z � ��� � �	�� ���5[sX_ijX5bhZCT
TVU A
B\ndX5T�bh�sX5�\Uy�sX ^ X5To[2B\bkS"U(SpB\T�X ^ 254647258�q\TVZCqpZ ^ S"X ^ qpU;TVijbkS"UgB\i i_U;nED\ZCTf�\U ^ U;i_qpU;Y�D\Z U
TVU;��BINe OX5Z��\UcqpZ5S��UWY e bdX S ^PB`S�T�Z�X ^ qrU e S�ZX[2B\U U ZCb9X�CpZCT��sXJ�\Z Y\U ^ S"U e XJq PYhSoB\ndZ PUyX~qpZ ^V^ b�C`bk]
nhbd�sX5�`Ua�\U B`S�bdndbEj2XrNe OX5Z~�\U e bdT e B\bkS"Z ^ iGB`nhS"bhq\ndb e X5�`ZCT�U ^ �\U ^ nhZ e X<] ^ ZCiaX~UWi e PZC�\b�A5Z L PY�C`T�bd�`Z S
�9ZCi_Z U ZCbFXJq\T�U ^ U;YLS"X5�\Z\[�X ZCqrUWT"XrNe OX5Z�U;YnVCZ5nEVCU�X B`S�bdndbEj2XrNe OX5Z~�\U e bdT e B\bhS�Z ^ 09bhY PX5TVbdZ ^ qsX5T"X
�\U ^ nhZ e X5ijUWYLS"Z��\Z ^ Z5qrUWT"X5Y\�`Z ^ UjX B`S�bdnhb�j2XpNe OX5Zy�\U_qrZ5TVS�X ^ n PZ
ACb e X ^ ������� Y\X ^ UWY�S�T"X5�\X ^ U
^ X PYd�sX ^ �\Z e bdT e B\bkS"ZyqsX5T�X e ZCYnVCUWT ^ OX5Z��\Z ^ �\X5�\Z ^ S M e ZCi_q\ndU�z`bh�sX5�\U8�`Z e bdT e B\bkS"Z PU8ijUWY\ZCT
qsXJT"XgXmZ5qrUWT"XrNe OX5Z L PY�C`T�bd�\X ��� Hl[lqpZCb ^ U;YnVCZCnWVCU3B\ijXgi_U;Y`ZCT&[2BsX5YLS"bh�sX5�\Uu�\U�qrZ5TVS�X ^ � � ��� S



d K �



d K �

� �������	��
������������
����������� ��
 ��� � �"! # $� �&% � � ��')(*�,+-�.�/�0�1 �2�43� %�� �	�657�8'9����(*� (*� :-�.';��'
�9Z5ijZ�X�CpZCT��\X5�\Z�Y\Z �BX5q PYhSoB\ndZ `\[�S"T�X�CsX5nED\Z ^ bdY`b e bdX5b ^ �\UyT�UWU ^ S�ToB`SoB\T"XpNe OX5Z��sX��`U ^ ]

e T�bVNe OX5Z��\U B\i e bdT e B\bhS�Z=< t � qsXJT"X CsX5bkz`X qpZ5S��UWY e bdX U Z5T"X5i q\T�ZCqpZ ^ S"Z ^ qpZCT_�5DsX5Y\�`T"X?><X<]
^ X5Y@9E�<L M �A@5X = [LZCY\�\U ^ OX5Z B`S"bhndb�j;X5�sX ^ S"T�X5Y ^�U Z5T�ijXrNe OZCU ^ qsX5T�XgTVU;��B�Ne OX5Zg�\ZgY PB\i_U;TVZ&�\U e ZCi8]
q�B{S�XrNe OZCU ^ U ^ B�C ^ S"bhSoB\bVNe OX5Z*�\U�ZCqrUWT"XrNe OZCU ^ ijX5b ^�e ZCijq`ndU(z`X ^ [`S�XJb ^9e ZCi_Z*iGB\nkS"bdq`ndb e XrNe OZ5U ^ [LqpZCT
ZCqpU;T�XrNe OZ5U ^ iaX5b ^v^ bhijq\nhU ^ S t X5iGC PUWi PU�U�z`q`ndZCT�X5�\ZmZ"B ^ Z��\U ���!�0�  �4�� ���	���� e ZCi � ��� � �	�� ����
qsXJT"X8qrUWT�i_bhS�bdTBX8TVU;��BINe OX5Z_�sXfS�U;Y ^ OX5Z_�sX U ZCYLS"Ug�\UmX5ndbhijUWYLS�XrNe OX5Z S

M n�A
B`iaX ^ �\U ^ S�X ^ S PU e Y\b e X ^ �\UBS�T"X5Y ^�U ZCTViaXrNe OX5Z>S��UWi ^ bh�\Z B`S"bhndbEj2X5�sX ^ YsX&T�U;X5ndbEj2XrNe OX5Z>�\U
esnkS"TVZ ^ � JB<m[�ZCY\�\U ^ OX5Z�X5q`T�U ^ U;YLS�XJ�sX ^ bdi_q\nhU;i_U;YLS�XrNe OZCU ^ U;i�q\TVZ e U ^�^ X5�\ZCTVU ^ �\bEACbhS"X5b ^ q\TVZJ]
ACT�X5i PXFVCUWb ^ U�X5T�[ B`bhS"U(SpB\T�X ^ �\U;�`b e XJ�sX ^ 9MG�RcL �C@l[ G�R$L ��K{[ � M 1 � �l[ G�R$L �AD`[ G ^ � �AD`[
R< ? H�R�R
R{[&G�E L H�R
R
R = S 1�Z e X ^ Zf�sX ^ X5q\ndb e XrNe OZCU ^ Z5Y\�\UgX �sU(z{bEC\bdnhbd�sX5�`U��\Zfq\TVZ e U ^�^ X5�\ZCT
q\TVZ
ACT�X5i PX VCU;n�YQOXJZ PU�Y`U e U ^�^ PX5T�bdX`[QX_bdi_q\ndUWijUWY�S"XrNe OXJZjUWi XJTo[2B\bhS�UWSoB\T"X ^ �\UW�\b e X5�sX ^ X5qsX5TVU e U
e ZCijZ i_U;nED\ZCTaX5nhS�U;T�Y\XJS"bWV5X��\U�bdi_q\ndUWijUWY�S"XrNe OXJZ\[�[2B\U�T�U ^ B\nhS"X S"bdq`b e XJijUWY�S�U~U;i iaXJbdZCTVU ^
�\U ^ UWijqpU;Y�D`Z ^ Ugi_U;Y\Z5TFqrZ5S��U;Y e b$X 9;G�R$L �?DCX =TS

N�X5T"X�X�bhijq\nhU;i_U;YLS�XpNe OX5ZuU;i X5T�[2B\bhS�UWSpB`T"X ^ �\U;�`b e XJ�sX ^ [5Z B ^ Z��\U6S"T"XJY ^�U ZCTViaXpNe OZCU ^ S�U;i
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qsX5T�X5ndUWn$X ^ S
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A5bdZ
^ OX5Z X5q`ndb e X5�\Z ^ UWi ^ bdiGB`nhS �XJY\U;Z�X�S�Z{�\Z ^ Z ^ iGB\nkS"bdq`ndb e X5�\ZCTVU ^ B\ijX�Y\ZV5X X5ijZ ^ S"T�X`[ e X�B{]
^ X5Y\�\ZGB`iaXmU;ndUfVJX5�sXmS"X<z`X��\U�XJS"bWV{bh�sX5�\Uu�\U e DsXmVCU2XJijUWY�S�Z8Y\Z ^ iGB\nhS�bdq\nhb e X5�\ZCTVU ^"! R <"# �
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�����5[ e X�B ^ X5�\Z�qrUWn$X ^ ZCqpU;T�XrNe OZCU ^ �\Z ^ iGB`nhS"bhq\ndb e X5�`ZCT�U ^ [2B\U ^ U�q\T�Z5qsX�ALX5i}qrUWndZ ^
^ ZCiaXJ�\ZCT�U ^ S Rvi X5iaCrZ ^ Z ^6e X ^ Z ^ [`XmU;ndUfVJX5�sX&S�X<z`Xg�\U�X<S"bEVlbh�sX5�\Uu�\U e DsXmVCU;X5ijUWYLS"Z*TVU ^ B`nhS�X
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1�U ^ S"U�S�T"X�CsXJn�D\Z\[lX5iaCrZ ^ Z ^ q\T�Z
C`ndU;ijX ^6^ OX5Z�U ^ SoB\�sX5�`Z ^ X�qsXJTVS"bhT��sX�bdi_q\nhU;i_U;YLS�XrNe OX5Z
�\U_��BsX ^ X5T�[ B`bhS"U(SpB\T�X ^ S"Z5S"X5ndi_U;YLS"UfqsXJT"X5nhU;n$X ^&e DsX5ijX5�sX ^ � ��� � �	�� ���_U U ZCT�ijXcS"T"XJY ^ qpZ ^ S"X`[
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SoB\T"X ^ [CqpZ{�\U_DsXmVCUWT
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S�T"X�CsXJn�D\Z>�`UFqrU ^ [2B\b ^ X`[ ^ OX5Z&bhijq`ndU;i_U;YLS"X5�sX ^ X5To[2B\bkS"UWSoB\T"X ^ �\U<esnhS�T�Z ^ � JB< S�Z5S�X5nhijUWYLS"UBqsXJT�]
X5nhU;ndX ^ B`S�bdnhb�j2XJY\�\Z e bdT e B\bkS"Z ^ iaB\nhS�bdq\nhb e XJ�\ZCT�U ^ �`U ^ nhZ e X<] ^ ZCijX e ZCi ZcZ
C-7VU(S"bEV5Zy�\U8T�UW��BINe OXJZ
�sXfXJS�bEVlbd�\X5�\U&�\U e DsXmVCU;X5i_U;YLS"ZjU�X<S"bEVlbh�sX5�\U>�`U ���	� � ��
�����&YsX ^ X5To[2B\bkS"U(SpB\T�X ^ q\T�Z5qrZ ^ S�X ^ S

RvY�[2BsXJY�S�Z YsX X5nkS"U;TVYsXJS�bEVJX<� ��� � �	�� ����Z ^ q\T�bhY e bhqsX5b ^ Z
C27VUWS"bWVCZ ^a^ OX5Z X TVU;��B�Ne OX5Z �sX
XJS�bEVlbd�\X5�\Uy�\U ���	� � ��
������YsX ^ X PYh�sX �\Z ^je bhT e B`bhS"Z ^ iGB`nhS"bhq\ndb e X5�`ZCT�U ^ U�Z X�B`ijUWY�S�Z �\Z �\U(]
^ U;i_qrUWY�D\Z ( qpU;nhZ X�B\i_U;YLS�Z~�sX U T�Ui[��B �U;Y e b$X��\UaZCqrUWT"XrNe OX5Z2,�[vYsX X5nhS�U;TVYsXJS"bWVJXyS�T"X5Y ^ qrZ ^ S�X~Z
q\TVbdY e bdqsXJnQZ
C-7VU(S"bEV5Z PUgT�UW��B�jWbdT�XjX<S"bEVlbh�sX5�\U&�\U e DsXmVCU;X5i_U;YLS"Z|Y\X_UWY�S�T"X5�\Xj�\Z ^�^ Z5iaX5�`ZCT�U ^ S
M t XFCrUWn$X � S djijZ ^ S"T�X�Z ^ T�U ^ B\nkS�X5�\Z ^ �\U PX5T�U;X`[IqpU;T PYdZl�\Z�i PYdY`bdi_Zc�\UaTVU;n PZ�ACbdZyU e ZCY ^ B\ijZ
�\UmqpZ5S��UWY e bdX_Y\Z5T�ijX5ndbEj2X5�sX*qpZCT�X5i_Z ^ S�T"XfqsX5T�XjX ^ X5nkS"U;TVYsXJS�bEVJX ^ X5T�[ B`bhS"U(SpB\T�X5b ^ S�Z5S�X5nhijUWYLS"U
qsXJT"X5nhU;n$X ^ S

�9Z5ijZ qpZl�\U ^ UWTcZ
C ^ UWT�VJX5�\Z qpU;ndX t X�CpU;ndX � S dC[�YQOX5Z D PX �\b U U;T�UWYINe X �\U PXJT�U2X UWYLS"T�U
X ^ X5nhS�U;T�Y\XJS"bWV5X ^ �\bhT�UWS"X�U|S"T�X5Y ^ qrZ ^ S�X`[vqpZCb ^ X��\b U U;T�UWYINe X UWY�S�T�UcU ^ S�X ^ ��BsX ^ X5T�[2B\bhS�UWSpB`T"X ^
e ZCY ^ b ^ S�U�Y`Z��`U ^ nhZ e X5i_U;YLS"Z��sX qrZ ^ bVNe OX5Z��\Z ^ T�UiACb ^ S"T�X5�\ZCTVU ^ S RvYLS"TVUWS�XJY�S�Z\[BX�X5nkS"UWT�YsXJS�bEVJX
� ��� � �	�� ����X5q\TVU ^ UWYLS�X B`iaXuqrUWYsX5nhbd�sX5�`Uv�\U PX5T�U;X`[JqpZCb ^�^ OX5Z�bdYLS"TVZ{��B=j;bd�`Z ^ T�U A5b ^ S�T"X5�`ZCT�U ^ UWYLS"T�U
X ^F^ X PYd�\X ^ �\Z ^ iGB\nkS"bdq`ndb e X5�\ZCTVU ^ UmX ^ U;YLS"T�X5�sX ^ �\Z ^u^ ZCiaXJ�\ZCT�U ^ S

Rvi T�UWn$XrNe OX5Z XJZ qrUWT PYhZ{�\Z�i PYdY\bhijZ��\U~TVU;n PZ
ACbdZ`[9Z
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U ZCTViaX��\bdTVUWS�X XJq\T�U ^ U;YLS"X�Z�ijX5bdZCT VJX5ndZ5T*U;YLS"TVU�X ^ X5To[2B\bkS"U(SpB\T�X ^ S J ^ S"Z�Z e ZCTVT�UcqpZCTo[2B\UcZ
e X5ijbhY�D\Z e T PYhS�b e Zu�\U ^ S"X�X5T�[ B`bhS"U(SpB\T�X PU6T�U;X5ndbEj2X5�`ZFqrUWndZ e X5i_bdY�D`Z��`Z�q\TVbdi_U;bdTVZFiGB\nkS"bdq`ndb e X5�\ZCT
nhb�ALX5�`Z! X�UWYLS"T"XJ�sX`[LX ^V^ Z e bdX5�\Z&X5Z ^
^ U(S"U e bdT e B\bhS�Z ^I^ ZCijX5�\ZCTVU ^ [2B\U e ZCi_qQOZCU;i Z e X5ijbhY�D\Z�XJS PU
X ^ X PYh�sX S N�X5T"X�X�X5T�[ B`bhS"U(SpB\T�XmS�T"X5Y ^ qrZ ^ S�X{[ ^ U;b ^ �\U ^ S"U ^Be bhT e B\bhS�Z ^�^ ZCijX5�\ZCTVU ^6^ OX5Z�T�UWS�bdT�X5�\Z ^
�\Z ^ UiB e X5ijbhY�D\Z e T PYhS�b e Z\[ ^ UWY\�\ZjU ^ S�U�U ^ S"X�CrUWndU e bd�`Z_qpZCT.B\i e bdT e B\bkS"ZfiGB\nkS"bdq`ndb e X5�\ZCT6U B\i
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1�U ^ S"UfS"T"XFCsX5n�D`Z U ZCbvq\T�Z5qrZ ^ S�XIB\ijXcY\ZV5X�X5T�[ B`bhS"U(SpB\T�X��`U_iaB\nhS�bdq\nhb e XJ�\ZCT ��� � ���8YsX
CsX ^ UgH�� U;i e ZCi_q\ndUWijUWYLS"Z~�\UgH�UWi e PZC�\b�A5Z ^ �9bhY PX5T�bhZ�U L PY�C\TVbd�\Z S R ^ S�X ^ X5T�[2B\bhS�UWSpB`T"X ^
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X5q`T�U ^ U;YLS�XJi}X�i_U ^ iaX�T�UiA
B\n$XJT�bd�\X5�\U_�\U B\i�iGB\nkS"bhq\ndb e X5�\Z5T ��� ����� e Z5Y2V5U;Y e bdZCY\X5n�[
S�U;Y\�\Z
UWY�S�T�U(S�X5YLS"Z`[ B\i i_U;Y\ZCT�Y PB\i_U;T�Z_�\U�ndbdY=DsX ^ �\U�q\TVZ{�=B`S"Z ^ qsX5T e b$XJb ^ S�� ZCT�X5i X5q\TVU ^ UWYLS�X5�\Z ^
TVU ^ B`nhS�XJ�\Z ^ �`UFX5To[2B\bkS"U(SpB\T�X ^
e Z5i VJX5nhZCT�U ^ �\U ��� H�U<` S N�X5T"X � ijX5bdZCT��\Z�[2B\U5`\[CU ^ S�X ^ XJT�]
[2B\bkS"UWSoB\T"X ^ YQOX5Z ^ UFi_Z ^ S"T"XJT"X5i Uie e bdUWY�S�U ^ U;i T�UW��BINe OZ5U ^ �\UuXJS�T"X ^ Z&U e ZCY ^ B\i_Zm�`UFqrZ5S��U;Y e b$X
�\UfVlbd�\Z  X"ACT�X5Y\�\U e Z5ijq\nhU(z{bd�\X5�\UF�\Z ^ i PZ5��B\ndZ ^ C PX ^ b e Z ^ �\Z ^ q\TVZ{��B{S"Z ^ S RvY�S�T�U(S�X5YLS"Z`[ e Z5ijZ
U ZCbIZ
C ^ UWT�VJX5�\Z`[�X ^ X5To[2B\bkS"UWSoB\T"X ^me ZCi VJX5nhZCT�U ^ �\U ��� HyU ` ^ U_i_Z ^ S�T"X5i iaXJb ^ Ufe e bhU;YLS"U ^
UWi S�U;T�i_Z ^ �`U8XJS"T�X ^ ZaU e ZCY ^ B\i_Zc�\U8qpZ5S��UWY e bdXaU;i T�UWn$XrNe OX5Z  X|X5T�[2B\bhS�UWSpB`T"X �9bhY PX5T�bhZ e ZCi
���Gd S J ^ S"Z|�\UfVlbd�\Z  XjT�UW��BINe OX5Z|�sX ^ ndbhY�DsX ^ �\U�q\T�Zl��B`S�Z ^ q\X5T e b$X5b ^ Y`U ^ S�U ^ Z5qrUWT"X5�\Z5T�U ^ S ^ ^
iGB`nhS"bhq\ndb e X5�`ZCT�U ^ �9bdY PX5T�bhZmU L PYEC\T�bh�\Z e ZCi ��� H U ZCT�X5i e ZCijq\X5T"X5�`Z ^  X�X5To[2B\bkS"U(SpB\T�X��\U3B\i
iGB`nhS"bhq\ndb e X5�`ZCT �9ZlZ5SoD 	�Zl�\bWe e X5�`Z\[_[2B\U�T�UWq\T�U ^ U;YLS"X Z U ^ S�XJ�\Z �sX�X5T�S"U�U;i�T�UW��BINe OX5Z �\Z
e ZCY ^ B`ijZ|�`U*qrZJS��U;Y e b$X S ^ ^ T�U ^ B\nkS�X5�`Z ^ i_Z ^ S�T"X5T�X5i [ B`U8X5qpU ^ XJT>�\Z ^ iaX5bhZCT�U ^ VJX5nhZCT�U ^ �\U
PX5TVU2X`[lXgiaXJbdZCTvTVU A
B\ndX5T�bh�sX5�\UFU�XgU ^ S�ToB`SoB\T"XmiaXJb ^�^ bhijq\nhU ^ �\Z ^ iGB`nhS"bhq\ndb e X5�`ZCT�U ^ ��� �����uq\TVZJ]
qpZCT e bdZCY\X5i(B`iaX ^ b�ACY\bWe e X<S"bEVJX�TVU;��B�Ne OX5Z_�\U&qpZ5S��UWY e bdXfU�B`iaX8qpU [2B\U;Y\X_TVU;��BINe OX5Z_�\UgXJS"T�X ^ Z
UWioT�UWn$XrNe OX5ZfX5ZfiGB\nkS"bdq`ndb e X5�\ZCT �9ZlZ5SpD S

M X5q\ndb e XrNe OX5Z~�\Z ^ ZCqrUWT"X5�`ZCT�U ^ X5T�bkS"i PUWS"b e Z ^ YsX CsX ^ U H � UWi e bhT e B\bhS�Z ^ �sX PX5TVU2X~�\U
q\TVZ e U ^V^ X5i_U;YLS"Zy�\bEACbhS"X5n��\U ^ bdYsX5b ^ U ZCb�S�X5iaC PU;i bdYnVCU ^ S"bEALX5�\Z S R�i qsX5T�S"b e B\n$XJT;[ U Z5T"X5i B`S�bk]
nhb�j2XJ�\Z ^ Z ^ X5nEACZCTVbhS"i_Z ^ �\U_esnhS�T�Z � JB< U �I� t qsX5T�X�U(z{q\nhZCT"XrNe OX5Z>XJTo[2B\bhS�UWSoB\T"X5nlUFX5q`ndb e XrNe OXJZ��\U
S PU e Y`b e X ^ �\U CsX5b�z`XjqpZ5S��UWY e bdX SF� ZCT"XJiobdi_q\ndUWijUWYLS�X5�sX ^ X5nhS�U;T�Y\XJS"bWV5X ^ X5To[2B\bkS"UWSoB\T"XJb ^ �\U ^ S"U ^
X5nEACZCTVbhS"i_Z ^ S �9ZCi�X_X5q\nhb e XpNe OX5Z8�\U ^ S�U ^ Z5qrUWT"X5�\Z5T�U ^ [ U ZCb ijZ ^ S"T�X5�\Z [2B\U�X U ZCTViaX� ��� � �	�� ���
X5q`T�U ^ U;YLS�X�ijUWn�D\Z5T8�\U ^ U;i_qrUWY�D\Z UyijX5bdZCT�T�U;�=BINe OX5Z��\U�qrZ5S��U;Y e b$X�U;YLS"TVU�X ^ X5T�[2B\bhS�UWSpB`T"X ^
bhijq\nhU;i_U;YLS�XJ�sX ^ S J ^ S"Z��\UfV{bh�\Z& XybhYLS"T�Zl��BINe OX5Zy�\UfT�UiACb ^ S"T"XJ�\ZCT�U ^ YsX ^g^ X PYh�sX ^ �\Z ^ge bdT e B\bhS�Z ^
iGB`nhS"bhq\ndb e X5�`ZCT�U ^ [ B`U8T�U;�=B�j8Z e XJijbhY�D\Z e T PYhS�b e ZaU8X|X<S"bEVlbh�sX5�\U��\U ���	� � ��
������YsX ^ X5T�[2B\bhS�U(]
SoB\T"X ^ S RvYLS"T�U�X ^ XJnhS"UWT�YsX<S"bEVJX ^ X5To[2B\bkS"UWSoB\T"XJb ^ bhijq\nhU;i_U;YLS�XJ�sX ^ Y`Z�XJn�ACZCTVbhS�ijZ��\U<esnhS�T�Z � JB<g[
U ZCbsi_Z ^ S"T"XJ�\Z"[2B\U�X�X5nkS"UWT�YsXJS�bEVJX>S"Z5S"X5ndi_U;YLS�UFqsX5T"XJndU;ndX ^ U�i_Z ^ S"T�Z�BjijX5b ^ Ufe e bhU;YLS"U�U;i S"UWT�]
i_Z ^ �\U e Z5Y ^ B\i_Zf�\UgqrZJS��U;Y e b$X8qpZCTuX5i_Z ^ S�T"X S J ^ S"Z_�\UfV{bh�\Z� X8qrZ ^V^ bEC\bdnhbd�sX5�`U>�\U B`S"bhndbEj2XrNe OX5Z
�\U e bdT e B\bhS�Z ^ iGB\nkS"bhq\ndb e X5�\Z5T�U ^ S"bhqrZ �\U ^ nhZ e X<] ^ ZCiaX UWi ^ BsX ^ X5T�[2B\bhS�UWSpB`T"X ^ S RvYLS"TVUWS"X5YLS"Z\[
X�ijX5bhZCTgUie e b �U;Y e b$X�U;i e ZCY ^ B\i_Z �\U|qpZ5S��UWY e bdX�qrZ5T*X5i_Z ^ S�T"X�Y\U ^ S"U|S"bhqrZ��\UcX5nkS"UWT�YsXJS�bEVJX
X5T�[2B\bhS�UWSpB`T"X5n PUgZ
C{S"bd�\X8X5Z e B ^ S"Za�`U B`iaX*ijX5bdZ5T PX5T�U;X S

1�X ^ X5nhS�U;T�Y\XJS"bWV5X ^ X5To[2B\bkS"UWSoB\T"XJb ^u^ Ui[��B\UWY e bdX5n�U ^ U;i_bk]�q\X5T"X5nhU;ndX*YQOX5Z PUmqpZ ^�^ PYEVCUWnIX B`S�bk]
nhb�j2XpNe OX5Zc�\U e bhT e B\bhS�Z ^ iGB\nkS"bdq`ndb e X5�\ZCTVU ^ S"bdqpZy�\U ^ ndZ e X<] ^ ZCijX S RvYLS"TVUWS�XJY�S�Z\[IZ�C ^ UWT�VJX<] ^ U�[2B\U
Y\U ^ S"X ^ X5nhS�U;TVYsXJS"bWVJX ^ XJTo[2B\bhS�UWSoB\T"X5b ^ PUBqpZ ^�^ PYEV5U;nsX�ijX5Y\bhq�B\ndXrNe OX5Z��\Z ^
e Z{Ufe e bhU;YLS"U ^ Y\Z ^ UWY�S�bd�\Z
�\U�T�UW��BINe OXJZ8�sX*XJS�bEVlbd�sXJ�\U��`U e DsXmVCU;X5i_U;YLS"ZfYsX ^ U;YLS"T�X5�sX ^ �\Z ^Be bdT e B\bhS�Z ^ iGB\nhS�bdq\nhb e X5�\ZCTVU ^ S
J ^ S"Z8�\UfV{bh�\Z_X5Z*S"bhqrZ��\U&ZCqpU;T"XpNe OX5Z e ZCiGB`S"XJS"bWV5X�U&X ^�^ Z e b$XJS�bEVJX�q\TVU ^ U;YLS"U ^ Y\U ^ S"X ^ X5nhS�U;TVYsXJS"b�]
VJX ^ XJTo[2B\bhS�UWSoB\T"X5b ^ S ^ ^ TVU ^ B\nhS"X5�\Z ^ �`UuX5q\ndb e XrNe OX5Z>�sX�S PU e Y\b e X>�\UFZCT��`U;YsXrNe OX5Zg�\U e ZlUie e bdUWYLS"U ^
i_Z ^ S�T"X5T�X5i [2B\U PU�qpZ ^V^ PYEV5U;n B`iaXmT�U;�=BINe OX5Z8�`U e ZCY ^ B\i_Z8�\U�qpZ5S��U;Y e b$X�YsX ^ X5nhS�U;TVYsXJS"bWVJX ^ XJT�]
[2B\bkS"UWSoB\T"XJb ^*^ U [2B\U;Y e b$XJnFU ^ UWijb�]�qsX5T�X5ndUWn$X S�� ZCb6i_Z ^ S�T"X5�\Z [2B\U�X�S PU e Y`b e X PU|ijX5b ^ U U U(S"bEVJX
YsX ^ XJTo[2B\bhS�UWSoB\T"X ^ �I� t [LZCY\�\UuZ ACT�X�Bf�\U�Z5qrZCT�SpB\Y`bd�sX5�`UB�\U�X5q\ndb e XrNe OX5Z>�sX&S PU e Y\b e X&U;i B`iaX
ijX5bdZ5TM[2BsX5YLS"bh�sX5�\Uu�\U.ACT�B\qpZ ^ �\U e ZlUie e bdUWY�S�U ^ qrUWT�i_bhS�U<B\ijXgijX5bhZCTITVU;��BINe OX5Zm�sX&�\b ^ S �X5Y e b$X
�\U�� � � � ����gUWiqB\iaXfijX5bdZCT5[ B\X5YLS"bd�\X5�\Ug�\U e ZlUie e bdU;YLS�U ^ S ^PB`S�T�ZjX ^ qpU e S"ZaX ^ U;T��\U ^ S�X<]
e X5�\Z�q\X5T"X�X�ijX5bdZCT&Ufe e b �U;Y e b$X��sX�S PU e Y`b e X��\UaZ5T��\UWYsXrNe OXJZ��\U e ZlUie e bdU;YLS�U ^ Y`Z X5n�A5ZCT�bkS"i_Z
�
� t PUmX8iaX5bhZCT e ZCT�TVU;n$XpNe OX5ZfU;YLS�T�U�X ^ qsX5n$XmVlT"X ^ [sqpU;n$X e X5T"X e S"UWT PY ^ S"b e X8�\Umq\T�Z2z{bdi_bd�sXJ�\U&�\Z ^
VJX5nhZCT�U ^ �\Z ^�e ZlUie e bdUWYLS"U ^ S Rvi qsX5T�S"b e B\n$XJT;[ U ZCb{ijZ ^ S"T�X5�\Z [2B\U�X&iaX5bhZCT e ZCT�TVU;ndXrNe OX5Z&UWYLS"T�U�Z ^
e Z{Ufe e bhU;YLS"U ^ qrZl�\U U XmVCZCTVU e UWT>�\U"B\iaX U ZCTViaXfiaXJb ^ U U UWS�bEVJX_X ^ X5T�[2B\bhS�UWSpB`T"X ^ [ B`UaB`S�bdndbEj2X5i
ZCqpU;T�X5�\ZCTVU ^ X5TVbhS"i PUWS�b e Z ^ UWi e PZC�`b�ACZ L PYEC\T�bh�\Z S
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M ^ue ZCYLS"TVb�C�B`bVNe OZ5U ^ T�UWndUfV5XJY�S�U ^ �\U ^ S"U&S"T�X�CsX5nED\ZfqrZl�\UWi ^ UWT��`bEVlbd�\bh�sX ^ UWi �

� J�i_q\nhU;i_U;YLS�XrNe OX5Z��\U��\b U UWT�U;YLS�U ^ ZCqrUWT"X5�`ZCT�U ^ X5TVbhS�i PU(S"b e Z ^ B ^ X5Y\�\Z e PZC�\bEACZ ^ 4�����'* � �
� �+� s[ OgT�X��C[ <�UW��B\Y\�\X5YLS"U*U"L PYEC\T�bh�\Z S #>UWYLS"T�U�U ^ S"U ^ [�Z [2B\U ^ U�i_Z ^ S�T�Z
B�iaXJb ^ XJS"T�X<]
S�bEV5Z U Z5b6Z e PZ5�\b�ACZgL PY�C\TVbd�\Z S ^ e PZC�\b�A5Z L PY�C\TVbd�\ZyTVU;q\TVU ^ UWYLS�X�Z e ZCi_q\TVZCijb ^�^ Z�UWYLS"T�U
Xyi PYdY\bhiaXa�`U;qpU;Y\� �UWY e bdX��sX ^ UWY�S�T"X5�\X ^ XJq\T�U ^ U;YLS"X5�sX�qpU;nhZ e PZC�\bEACZ��9bdY PXJT�bdZyU_X e X<]
T�X e S�U;T PY ^ S�b e X��\UPCsXJbkz`X*XJS�bEVlbd�sXJ�\U��\U e D\XV5U2X5i_U;YLS�ZaX5q`T�U ^ U;YLS�XJ�sX8qrUWndZ e PZC�\b�A5Z OgT�X�� S
1�U ^ S"UfS"T"XFCsX5n�D`Z U ZCb�X5q\TVU ^ UWYLS�X5�sXgB\ijX�X5T�[2B\bhS�UWSpB`T"X ��� �����8Y\XgCsX ^ U H���[�ZCqpU;T�X5Y\�\Z
Y`U ^ S�U e PZC�`b�ACZ S ^ ^ T�U ^ B\nhS"X5�\Z ^ i_Z ^ S"T"XJT"X5i [2B\U U ^ S�X X5T�[2B\bhS�UWSpB`T"X X5q`T�U ^ U;YLS�X VJX<]
nhZCT�U ^ �\U�XJS�T"X ^ Z U e ZCY ^ B\i_Z �`U qrZ5S��U;Y e b$X q\T PZJz{bdi_Z ^  X X5T�[2B\bhS�UWSpB`T"X e ZCi e PZC�`b�ACZ
��bdY PX5TVbdZ>U�i_U;n�D`ZCT�U ^ V5XJndZCTVU ^ �\U ^ S"U ^ qsX5T �X5i_UWS"TVZ ^ve Z5ijqsXJT"X5�\Z ^ve ZCi ZmiGB\nkS"bdq`ndb e X5�\ZCT
��Z{Z5SoD S NIX5T�X VJX5ndZCT�ijX5bdZCT �`U e X5q\X e bkS �X5Y e b$X��\U5CsXJT�T"XJijUWY�S�Z\[5Z5qrUWT"X5�\Z5T�U ^ U;i e PZC�`b�ACZ
L PY�C\TVbd�\ZuqpZ{�`U;i ^ UWTMCsX ^ S�X5YLS�U9ijX5b ^ Uie e bdUWYLS"U ^ U;i S"UWT�i_Z ^ �`U e ZCY ^ B`ijZ>�`U�qpZ5S��UWY e bdX S
R ^ S"U ^ TVU ^ B`nhS�XJ�\Z ^ ijZ ^ S"T�X5i?B`iaX*Z
B{S"T"X8qpZ ^�^ b�C\bhndbh�sX5�\U��\UgZCqrUWT"X5�`ZCT�U ^ XJT�bhS�i PU(S"b e Z ^ [
Z5qrUWT"X5Y\�`Z_UWi B\i e PZC�\bEACZf�\b U UWT�U;YLS�Um�`Z ��bdY PX5TVbdZ��

� J�i_q\nhU;i_U;YLS�XrNe OX5Z��`UBZCqpU;T"XJ�\ZCT�U ^ X5TVbhS"i PUWS�b e Z ^�e ZCi iaX5bhZCT�U ^ VJX5nhZCT�U ^ �\U � S 1�X>U(S�X5qsX
bhY\b e b$X5n<�\U ^ S"U�S"T�X�CsX5nED\ZuZuU;Y U Z [2B\U U Z5b�X�XJq\ndb e XrNe OX5ZF�\U6ZCqrUWT"X5�`ZCT�U ^ UWi e PZC�`b�ACZ3L PYEC\T�bh�\Z
e ZCi ACT�B\qrZ ^ �\UgC\bkS ^ �\U�S"X5ijX5Y�D\Z�� � H ^ U;i ^ bdYsX5n S RvYLS"T�U(S�X5YLS�Z\[ e Z5ijZ�q �ZC�\U
^ U;TcZ
C ^ U;T�VJX5�\Z\[ PU qrZ ^V^ PYWVCU;n ^ U S"U;TcZ5qrUWT"X5�\Z5T�U ^ XJT�bhS�i PU(S"b e Z ^ U;i e PZC�\bEACZ ^ L PYEC\T�bh�\Z
U �9bdY PXJT�bdZ e ZCi�ijX5bdZCTVU ^ V5XJndZCTVU ^ �`U � S 1�U ^ S"U|S�T"X�CsXJn�D\Z\[ U ZCT"X5i�bdi_q\nhU;i_U;YLS�X5�`Z ^
Z5qrUWT"X5�\Z5T�U ^j^ UWi ^ bdYsX5n e Z5i A5ToB\qpZ ^ �`UZC\bkS ^ �`U�S�XJiaX5Y=D\Z ^ � � H{[5` U*D S 1�U ^ S"U
e X ^ Z`[ U ZCbIZ�C ^ UWT�VJX5�\Z [2B\UfqsX5T�X V5XJndZCTVU ^ �\U � ijX5bdZ5T�U ^ �\ZI[2B\U `\[�X e Z5ijq\nhU(z{bd�\X5�\U
�`Z ^ i PZC��B`ndZ ^ X5TVbhS"i PUWS�b e Z ^ X�B\i_U;YLS�X e Z5Y ^ bh�\U;T�XV5U;nhijUWY�S�U9bhY2VlbdX�C\bdnhb�j;X5Y\�\ZuX�X5q\ndb e XrNe OX5Z
q\X5T"X CsX5b�z\X_qrZJS��U;Y e b$X S 1�U ^ S"U�qsX5TVS�b e B\n$X5TW[�X ^ XJTo[2B\bhS�UWSoB\T"X ^�e Z5i VJX5nhZCT�U ^ �`U ��� HjU
`�X5q\TVU ^ UWYLS�X5T�X5i TVU;��B�Ne OZCU ^ �\U>XJS�T"X ^ Z*U�qpZ5S��U;Y e b$X e ZCi_qsX5T"XJ�\Z e ZCi Z*iGB\nkS"bdq`ndb e X5�\ZCT
��� � ��� e ZCYnVCU;Y e bdZ5YsX5n e ZCi ��� d��

� J�i_q\nhU;i_U;YLS�XrNe OX5Z �\U�ZCqpU;T�X5�\ZCTVU ^ X5T�bkS"i PUWS�b e Z ^ U;i e ZCi_q\ndUWijUWYLS"Z �\U H S 1�X PXJT�U2X
# �\N B\ijX��\X ^ q\T�bhY e bhqsX5b ^ ZCqrUWT"XrNe OZCU ^ T�U;X5ndbEj2X5�\X ^ U;YnVCZ5nEVCUjXyiGB\nhS�bdq\nhb e XrNe OX5Zj�\Uf�sX<]
�`Z ^Fe ZCi ^ bdY\X5n S Rvi ZCqrUWT"XrNe OZCU ^ �\UgiGB`nhS"bhq\ndb e XrNe OX5Z e ZCi ^ bdYsXJn�qsX5T�X CsX5bkz`X*qpZ5S��UWY e bdX`[
Z�X5n�A5ZCT�bkS"i_ZciaX5b ^ B`S"bhndb�j;X5�\Z PUaZ �9ZlZ5SpD 	�Z{�`bEe e X5�\ZZ[2B\UjZCqpU;T"X�U;i Y PB\i_U;TVZ ^ TVU(]
q`T�U ^ U;YLS�XJ�\Z ^ U;i e ZCi_q\ndUWijUWY�S�Z|�\U�H S R ^ S"U_X5nEACZCT�bkS"i_ZaXJq\T�U ^ U;YLS"X e ZCijZcq`T�bdY e bdq\X5n
e X5T"X e S"UWT PY ^ S"b e X�X�T�U;�=BINe OX5Z �\Z�Y PB`ijUWT�Z��\U�ndbdY=DsX ^ �\Z ^ q\T�Zl��B`S�Z ^ qsX5T e b$XJb ^ [2B\U�TVU(]
�=B�j*X [ B\X5YLS"bd�\X5�\U��`U�ZCqpU;T�X5�\ZCTVU ^ XJT�bhS�i PU(S"b e Z ^ U e ZCY ^ U [��B\U;YLS"UWijUWYLS"U8Xa�`b ^�^ bdqsXpNe OX5Z
�`UjqpZ5S��UWY e bdX S 1�Z�Y\Z ^�^ Z�S"T�X�CsX5nED\Z\[�X5q\TVU ^ UWYLS�X5i_Z ^ B`iaX�Y\ZV5X�X�CpZCT��sXFACU;ixqsXJT"X�X
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